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LACTIC ACID

Summary

Lactic acid is one of the most widely distributed acids in nature
and was one of the first to be used in foods. Lactic acid is used to
pack olives because it insures clarity of the brine. It is also used
to acidify fruit juice in the production of wine and to improve the flavor
of carbonated fruit juices. Calcium lactate has been used as a buffer,
dough conditioner, and a yeast food (588).

Experiments in which L(+)-lactic acid was placed in whole stomach
pouches of cats indicated that both the hydrogen ion and the lactate
radical were absorbed equally; the D-isomer was thought to be absorbed
similarly (558).

Kreisberg (1019) and Searle and Cavalieri (1694) determined that the
virtual volume of distribution of lactate was 49.4% of the body weight and
occupied a space of at least three-fourths of the body water space.

Lactate diffuses readily across cell membranes by passive transport. Under
certain conditions lactate distribution is either uneven or the lactate
pool really consists of several smaller pools with differing rate constants
(1019).

In the body, lactate is formed through anaerobic glycolysis of carbo-
hydrate (163). The muscle and erythrocytes account for most of the
lactate produced in vivo; the brain, leucocytes, renal medulla, gastro-
intestinal tract, and skin produce smaller quantities (1019). The lactate
generated can be transplanted to other more aerobic tissues such as the
liver and converted to pyruvate by lactic acid dehydrogenase. The pyruvate
can then be metabolized further through the citric acid cycle; or, it can
be changed to carbohydrate material as free glucose or stored as glycogen
(163, 315).

Human saliva has been found to contain a significant amount of micro-
coccus lactilyticus which ferments lactate to propionate, acetate, carbon
dioxide, and hydrogen (418).

Through infusion studies with labeled L(+)-lactic acid in man, the
lactate pool size and turnover time have been estimated at 0.029 g/kg and
18.4 min, respectively. The turnover was approximately 95 mg/kg/hr with
approximately 90% oxidation to carbon dioxide. The primary fate of
lactate, according to Searle and Cavalieri (1694), was oxidation to carbon
dioxide, not reduction to glucose. Drury and Wick (432) found a 30 min.
turnover time in the rabbit. An eviscerated animal metabolized the L(+)
isomer actively, but not the D(-) isomer. Since racemic lactate is almost
completely utilized, the authors suggested that the D-isomer might be
converted to the L-isomer or to glucose or glycogen.

Based on infusion experiments with dogs, Dies et al. (398) reported



that lactic acid was actively reabsorbed in the proximal tubule and its
transport was rate-limited. Earlier, Craig (326) had found that at plasma
lactate concentrations between 1 and 4 mg/ml, the rate of excretion was
proportional to the glomular filtration rate. However, oral administration
resulted in almost complete utilization of lactate.

Gordon (640) showed that sweat lactate was derived metabolically
from serum glucose as opposed to serum lactate.

When Ballabriga (77) fed formulas acidified with L(+)- and D(-)- lactic
acid, to premature infants, the D(-) form induced severe acidosis as
demonstrated by weight loss, pallor, and vomiting in 4 out of 16 infants.
Goldman (634) obtained similar results; he pointed out ‘that prematures
are normally on the verge of acidosis and can be made acidotic more easlly
than the term infant. Fazekas (515, 517, 519) reported that ingestion of
lactic acid exerted an acidotic effect on rabbits leading to enlargement
of the ovaries and parathyroids. In contrast, Grosz and Farmer (664)
believed that infusion of lactate promoted alkalosis, based on the similarity
of these symptoms to these induced by infusion of bicarbonate.

Oral administration of calcium lactate in man resulted in elevated
serum calcium (448, 101, 1113) and in reduced serum phosphorus (448).

Accidental administration of 1 teaspoon of 85% lactic acid caused
caustic burns of the mouth and pharynx (1887) and stricture of the esophagus
(1470) in infants. Three premature infants died from the consumption of
an improperly prepared formula containing an undetermined excess of lactic
acid (2050).

Several short-term studies have been performed on both calcium lactate
and lactic acid. When 0.25% calcium lactate was added to the diet of
pullets for 15 months, no effect on egg production, egg weight, or shell
thickness was observed (1573).

Wysokinska (2035) gave ten young rats increasing doses of lactic
acid by gavage, beginning with 0.625 g/kg and rising to the lethal dose
of 11.25 g/kg over 18 days. Autopsy revealed intensive congestion of
the liver, plus a loosened gastric and duodenal mucous membrane. In
subsequent experiments 1.5 g lactic acid was fed both by gavage and in the
feed for 3 months. Hemoglobin content and the number of red blood cells
decreased considerably.

Lactic acid concentrations of 1.1 to 10 mg/ml in the drinking water
of rats decreased water consumption in both irradiated and nonirradiated
rats (1448). Various salts including 2% calcium lactate dissolved in
drinking water were available to young rats; no consistent selection pattern
evolved (1720).

After administering per os 0.5 g of calcium lactate daily to rats,
Mlynarska (1300) noted that the osmotic resistance of leukocytes increased
by 19.5%. The addition of 0.115 g calcium lactate to a poor rice diet in-
creased the growth rate of rats over a 9-week-period (1210).



Jonek (878) observed increased activity of the adrenal cortex
following the consumption of 0.18 g lactic acid daily by female rabbits.
Fazekas (515, 517, 519) performed a series of experiments on rabbits
that were fed 0.1-0.2 g of lactic acid per kg daily for periods of up to
26 months. He found ovarian enlargement due to hypertrophy of the inter-
stitial ovary glands and to the enlargement and maturation of follicles.
In addition, the examination of the parathyroid revealed plethora, hyper-
trophy, and hyperplasia, indicative of hyperfunction.

Supplements of 1 g calcium lactate given daily to children on a
poor rice diet increased growth over an ll-week-period (57). When 8
ml of an 87% lactic acid solution were added to 1 liter of milk, children
aged 4 and 5 years occasionally produced casts in their urine (654).

Although no long-term studies were available, several special studies
have been reviewed. They deal with tumor-inhibition, dental-caries,
reproduction, and teratology.

Parfentjev et al. (1419) observed a slight inhibition of sarcoma 180
when mice were fed 1 ml of a 1% lactic acid solution daily for 3 weeks.
Selawry and Schwartz (1699) reported a dose-related inhibition of sarcoma
180 in mice following intraperitoneal injection of D,L-lactic acid. After
placing tablets containing 20-60 mg calcium lactate under the flamk skin
of mice with breast tumors, Dobrovolskaia-Zavadskaia (411) observed an
847 inhibition and 16% stimulation of tumor growth.

Syrian hamsters were fed a caries-producing diet plus 45.6 mg
lactic acid per 100 g of diet, or 40 mg lactic acid per 100 ml of drimk-
ing water, or no supplement. While lactic acid produced some enamel de-
calcification, there was no significant difference in the incidence of
caries between groups (649). Calcium lactate was found to be the most
efficient calcium depositer as of the dentin of the lower incisors as
compared to the gluconate, carbonate, or phosphate salts (1382).

D'Amour (346) determined that the consumption of 2.5 or 5.0% lactic
acid by pregnant rats had no effect on the sex ratio of the offspring.

Direct application of 0.01 to 0.03 ml of a 0.01% lactic acid solution
to the vitelline membrane, amniotic cavity, or subgerminal cavity of 3-
day-old chick embryos led to an increased death rate as compared to controls
treated with saline. Approximately 12% of the survivors from the allantoic
route developed anomalies (646). -



CALCIUM LACTATE

Chemical Information

1. Nomenclature
A. Common Name
Calcium lactate
B. Chemical Name
Calcium lactate
C. Trade Name

None available

D. Chemical Abstracts Registry Number

Calcium lactate 000814802

Il.. Empirical Formula

C6H10CaO6

III. Structural Formula

Ca(CH3CH(OH)C00)2'xH20

IV. Molecular Weight

218.22

V. Specifications
Food Chemicals Codex

Assay

Loss on drying

Not less than 98.07 and not more
than 101.0% of C_H. _.Ca0_, after
6106
drying
Pentahydrate: between 24% and 30%;
Trihydrate: between 157% and 20%;
Monohydrate: between 5% and 8%;
Dried form: not more than 3%



v. Specifications Cont.

Limits of Impurities

Acidity Passes test (about 0.45%, as lactic
acid

Arsenic (as As) Not more than 3 ppm (0.0003%)

Fluoride Not more than 15 ppm (0.0015%)

Heavy metals (as Pb) Not more than 20 ppm (0.002%)

Lead Not more than 10 ppm (0.001%)

Magnesium and alkali salts Not more than 1%

Volatile fatty acids Passes test

V1. Description
A. General Characteristics
Calcium lactate is a white to cream colored, almost odorless, crystal-
line power or granules, containing up to 5 molecules of water of crystall-
ization. The pentahydrate is somewhat efflorescent.
B. Physical Properties
Calcium lactate becomes anhydrous at 120 degrees C. It is slowly
soluble in cold water, quickly soluble in hot water, but almost insoluble
in alcohol.

C. Stability

Store in tight containers.

VII. Analytical Methods

See D,L-lactic acid

VIII. Occurrence

Calcium lactate is prepared commercially by neutralization of lactic
acid with calcium carbonate.



I. Nomenclature

D,L-LACTIC ACID

Chemical Information

A. Common Names

1. D,L-lactic acid

2. Racemic lactic acid
3. Ordinary lactic acid
4. Milchsaeure

B. Chemical Names

1.
2.

alpha-hydroxypropionic acid
2-hydroxypropanoic acid

C. Trade Name
None available

D. Chemical Abstracts Registry Number

Lactic acid 000050215
Lactic acid USP MX8012213
Lactic acid, DL 000598823

II. Empirical Formula

C4lig04

III. Structural Formula
COOH
CHOH

CH3

IV. Molecular Weight

90.08



V. Specifications

Food Chemicals Codex

Assay Not less than 95.0%Z and not more
k than 105.0% of the labeled con-
centration of C3H603
Limits of Impurities
Arsenic (as As) Not more than 3 ppm (0.00003%)
Chloride Not more than 0.2%
Citric, oxalic, phosphoric,
or tartaric acid Passes test
Heavy metals (as Pb) Not more than 10 ppm (0.0017%)
Iron Not more than 10 ppm (0.001%)
Residue on ignition Not more thamn 0.1%
Sugars Passes test
Sulfate Not more than 0.25%

VIi. Description
A. General Characteristics

Lactic acid has a crystalline form. Food grade lactic acid is
available as a colorless or yellowish, nearly odorless, syrupy liquid
consisting of a mixture of lactic acid and lactic acid lactate. It is
usually available in solutions containing the equivalent of 50-90% lactic
acid.

B. Physical Properties

Lactic acid has a melting point of 16.8 degrees C. The bp at 14-15
mm Hg is 122 degrees C and at 0.5-1 mm Hg is 82-85 degrees C. The ioniz-
ation constant is 1.38 X 10™* at 25 degrees C.

The heat of combustion at constant pressure is 3615 cal/kg. It is
volatile with superheated steam. Lactic acid is soluble in water, alcohol,
furfurol, and less soluble in ether; however, it is practically insoluble
in chloroform, petroleum ether, and carbon disulfide. It is incompatible
with oxidizing agents, iodides, nitric acid, and albumin in pharmaceuticals.

C. Stability

Store in tight containers.

VII. Analytical Methods

The official method for the determination of lactic acid in whole or
skim milk, ice cream, and butter involves extraction of lactic acid with
ether. Ferric chloride is added to produce a color change. The solution
is then read in a spectrophotometer and compared to a standard curve.



This method can be adapted for determinations in canned vegetables,
evaporated milk, and wines (2068).

VIII. Occurrence

Lactic acid occurs in sour milk as a result of lactic acid bacteria.
It is also found in molasses due to partial conversion of sugars, in
apples and other fruits, tomato juice, beer, wines, opium, ergot, foxglove,
and several higher plants especially during germination (1262).

Lactic acid is prepared technically by 'lactic acid fermentation" of
carbohydrates such as glucose, sucrose, or lactose with Bacillus acidi
lacti or related organisms. Such fermentation is carried out at high
temperatures, and generally whey, cornstarch, potatoes, and molasses are
the substrates (1262).



L-LACTIC ACID

Chemical Information

I. Nomenclature
A. Common Names

L-lactic acid

L(+)-lactic acid
Dextrorotatory lactic acid
d-lactic acid

Sarcolactic acid

. Paralactic acid

. L-milchsaeure

.

NV WN

B. Chemical Name
L(+)-lactic acid

C. Trade Names
None available

D. Chemical Abstracts Registry Number
Lactic acid 000050215
Lactic acid USP MX8012213

1I. Empirical Formula

C4lg0s

IIT. Structural Formula
COOH
HO-C-H

CH3

IV. Molecular Weight

90.08



V. Specifications

See D,L-lactic acid

VI. Description
A. General Characteristics
L-lactic acid has a crystalline form.
B. Physical Properties
L-lactic acid has a melting point of 53 degrees C, and an optical
rotation of (alpha) 21-22/546.1 + 2.6 degrees (2.5 g in 100 ml water).
The pK at 25 degrees was 3.79. L-lactic acid forms salts with many
metals; these salts are more soluble in water than the salts of the
racemic acid. Most of the salts are levorotatory.

C. Stability

Store in tight container.

VII. Analytical Methods

See D,L-lactic acid

VIII. Occurrence

L-lactic acid occurs in small quantities in the blood and muscle fluid
of man and animals. The lactic acid concentration increases in muscle
and blood after vigorous activity. It's also present in the liver,
kidney, thymus gland, human amniotic fluid, and other organs and body
fluids (1262).
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I. Nomenclature

D-LACTIC ACID

Chemical Information

A. Common Names

B USRS )

D(-)-lactic acid
Levorotatory lactic acid
1-lactic acid
D-milchsaeure

B. Chemical Name

1.
2.

D(-)-lactic acid
2-hydroxypropionic acid

C. Trade Name

None available

D. Chemical Abstracts Registry Number

Lactic acid
Lactic acid USP

000050215
MX8012213

I1. Empirical Formula

C4Hg04

II¥. Structural Formula

fOOH

H-C-0H

CH3

IV. Molecular Weight

90.08

V. Specifications

See D,L~lactic acid
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VI. Description

A. General Characteristics

See D,L-lactic acid.
B. Physical Properties

D-lactic acid is soluble in water, alcohol, acetone, ether and glycerol,
but practically insoluble in chloroform. It has a melting point of 52.8
degrees C and an optical rotation of (alpha) 21.5/546 - 2.6 degrees (8 g
in 100 ml Hy0). D-lactic acid forms salts with many metals; most of
these salts are dextrorotatory.

C. Stability

Store in tight container.

VII. Analytical Methods

See D,L-lactic acid.

VIII. Occurrence

D-lactic acid is obtained by resolution of DL-lactic acid.

12



Biological Data

I. Acute Toxicity

Dosage

Substance Animal Sex & No. Route (mg/kg) Measurement  Ref.
Calcium Lactate  Rabbit - i.v. 340 MLD™® 254
Calcium Lactate  Rabbit - i.v. 180 MLD™® 254
Calcium Lactate  Rabbit - i.v. 7.0 DML ** 73
Calcium Lactate  Dog - i.v. 160 MLD™ 254
Calcium Lactate Dog - i.v. 80 MLD™ " 254
Lactic Acid Rat - Oral 3,730 LD50 611
Lactic Acid Rat - Oral 3,700 LD50 1262
X Minimum lethal dose at 1 ml per min

XX Minimum lethal dose at 2 ml per min

XXX The distant minimum lethal dose differs from the immediate lethal dose
in that the latter implies instant death.

The injection of 0.4-0.5 ml of a 9% calcium lactate solution (36-45 mg)
into 3 mice produced ataxia, catalepsy, slowing of the respiration (without
dyspneic symptoms), gradual immobilization and death (412).

Baldacci reported the intravenous distant minimum lethal dose to be
7 mg/kg for calcium lactate in rabbits. The distant minimum lethal dose
differs from the immediate lethal dose in that the latter implies instant
death. Albuminuria was observed. Autopsy revealed congestion of the
thoracic and abdominal organs, distended blood vessels, and subpleural
and subperitoneal hemorrhagic suffusions. The volume of urine excreted
decreased (73).

Doses of 2, 4, and 6 gm of calcium lactate were administered by
stomach tube to groups of 2 rabbits. The animals were from two to six
weeks old and had been fasted for 48 hours. Animals were permitted to eat
6 hours after treatment and were generally sacrificed 48 hours after treat-
ment. A gross and microscopic examination of the stomach and intestines
revealed no lesions (448).

13



After oral administration of a lactic acid milk mixture containing
10.1 g in 30 ml to 4 rabbits, death followed in 10 min to 40 hrs. Death
was attributed to acute hemorrhagic gastritis; a moderate degree of
acidosis was observed (2050).

Three premature infants were administered on acid milk mixture con-
taining an excess of lactic acid (amount unknown) and died shortly there-
after. Death was due to an acute hemorrhagic and gangrenous gastritis

(2050).

An infant received one teaspoon of 87.5% lactic acid by mistake and
suffered caustic burns of the mouth and pharynx (1887).

The oral administration of 1 teaspoon of 85% lactic acid to an
eleven-week-0ld female infant caused stricture of the esophagus (1470).

Three healthy individuals received oral doses of calcium gluconate
and calcium lactate on consecutive days. Doses of 20 g calcium gluconate
and 10 g calcium lactate caused abdominal distress, vomiting, and diarrhea.
Doses were subsequently halved. Diuresis, headache, and violent bowel
movement and spasm were noted (1113).

II. Short-Term Studies
A. Calcium lactate
Chicks

Roberson fed 2 levels of ascorbic acid, 2 levels of magnesium, and
0 or 0.25% calcium lactate to pullets in a 2x2x2 factorial arrangement.
The basal diet contained 3% calcium, 16% crude protein, 900 kcal of
productive energy per pound, and 1015 mg of Mg per pound. Three replicates
of four pullets (3 month old) were placed on each diet for 15 months. The
addition of calcium lactate did not affect egg production, egg weight,
Haugh score, or shell thickness. Shell roughness improved slightly (1573).

Rats

Young rats were fed a synthetic diet containing no salts for 40 days;
however, various salts including 2% calcium lactate were presented in
separate drinking bottles. Selection patterns of the nine animals were
fairly consistant among individuals but no general pattern was determined
for the entire group. The daily average intake of calcium lactate ranged
from 26-122 mg (1720).

Mlynarska administered 0.5 g of calcium lactate daily by stomach tube
to white rats; on the 24th day, the osmotic resistance of the leukocytes
increased by 19.5% (1300).

When 0.115 g of calcium lactate was added to a rice diet similar
to that of the poor in Southern India, the growth rate of the month-old

14



rats increased over that of rats fed only the rice diet. After nine
weeks, the coats of the three lactate-fed animals were in better condition

than the other animals (1210).

Man

Aykroyd and Krishnan gave per os 1l g of calcium lactate to 46 boys
aged 6 to 12 years for eleven weeks. The children were maintained on a
poor rice diet typical of southern India. The supplemented group had
significantly greater height and weight increments 7).

B. Lactic acid

Rats

Wysokinska gave 10 six-week-old male rats increasing doses of a 50%
lactic acid solution by gavage. Initially 0.25 ml (0.625 g/kg) was given;
0.25 ml was added to the dose daily until the lethal dose 4.5 ml (11.25
g/kg) was attained. Two rats died after receiving 3 ml lactic acid. Rats
lost 15% of their weight within 1 week. No changes in the serum pH or
carbon dioxide content was noted after the administration of large doses.
Urinary pH decreased considerably. Autopsy revealed intensive congestion
of the liver, plus a loosened gastric and duodenal mucous membrane (2035).

In three separate experiments, small groups of 9 to 10-week-old rats
were given 3 ml of a 10% lactic acid solution (1.5 g) daily for 3 months.
In two of these studies, the substance was introduced by a stomach tube,
but in the third it was mixed in the feed. Control animals received either
no treatment or distilled water by gavage. The hemoglobin content and the
number of red blood cells decreased considerably in experimental groups;
weight gain was also slower. Deaths were reported in both force-feeding
studies. Swollen livers and kidneys also were found (2035).

Peters and Peters added 0.04, 0.36, 1.1, 5.0, and 10 mg/ml lactic
acid to the drinking water of groups of 8 rats. After 10 days, some of
the animals were exposed to 735 R total body radiation. The water con-
sumption by both irradiated (X-rays) and non-irradiated rats was measured
for 10 days before and after radiation. The water consumption decreased
in all groups for the first days following radiation. In addition lactic
acid concentrations of 1.1-10 mg/ml increased the inhibitory action on
liquid intake in both irradiated and non-irradiated animals (1448).

Rabbits

When female rabbits consumed 0.18 g of lactic acid daily in their
feed, the activity of the adrenal cortex increased. Evaluation of adreno-
cortical activity was based on the following findings: the presence of
vacuoles in the cellular plasma; the contents of lipids in the adreno-
cortical layers; increased adrenal weight; and the presence of degenerative
changes in various parts of the adrenal cortex. Changes were thought to
result from stimulation of the hypothalamo-hypophyseal system (878).

15



Five female virgin rabbits aged 8 to 14 months and weighing 2.5-3.0
kg received lactic acid for 5 months. Every other day, animals were
given 0.1-0.2 g/kg of lactic acid dissolved in 100-150 mls of drinking
water. Three weeks of treatment were alternated with one week without
treatment for the 5 month period. Fifty control animals were also examined.
At the end of the study, animals were sacrificed and the ovaries were
examined histologically. Ovarian weight increased significantly in the
treated group; numerous enlarged, hemorrhagic follicles were visible on
the ovary's surface. Ovarian enlargement was ascribed either to hypertrophy
of the interstitial ovary glands and their increased 1lipid content, or to
the enlargement and maturation of the follicles (515).

In a subsequent study, rabbits on a similar regimen were observed
for 14 to 16 months. The results corresponded to those above (515).

For 5 to 16 months, 10 female rabbits received increasing doses of
0.1-0.2 g/kg of lactic acid (concentration not specified) twice daily. A
three week treatment period was followed by a pause of one week. The
weight of the parathyroid increased significantly more than in the control
group. Histological examination revealed plethora, hypertrophy, hyper-
plasia, and multiplication of the light primary cells which indicated
hyperfunction (517).

Six Chinchilla rabbits aged 8-10 months and weighing between 2.5 and
3.0 kg were given 0.1-0.2 g of lactic acid per kg body weight in their
drinking water twice daily. Each three week treatment period was followed

by two weeks without treatment for a 5 to 26 month period. Parathyroid
size, increased and hyperfunction was noted (519).

When 8 ml of 87% lactic acid were added to 1 1 milk, children aged
4 and 5 years occasionally produced casts in their urine (654).
III. Long-Term Studies

None available

IV. Special Studies

Tumor inhibition

Mice

Parfentjev et al. fed 1 ml of a 1%Z lactic acid solution daily for
three weeks to 41 mice with sarcoma 180. An additional 34 mice received
no treatment. Lactic acid was observed to slightly inhibit tumor
growth (1419).

Selawry and Schwartz reported a dose-related inhibition of sarcoma
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180 in Ha/ICR-Swiss mice following intraperitoneal injections of d-1-
lactic acid. Groups of 6 mice of each sex received injections of lactic
acid in saline on days 1, 2, 4, and 5 after tumor implantation. Two

groups of each sex received saline only. Tumors were excised and weighed
on day 6. A mean tumor inhibition of 64.5% succeeded injection of 150
mg/kg/day. Injection of 75 mg/kg/day induced a 31.5% inhibition. While
all the animals at the 75 mg/kg level survived, only 58% of the 150 mg/kg
group did. Comparable results were obtained with l-lactic acid, but sodium
and calcium lactates were ineffective at a similar levels (1699).

Dobrovolskaia-Zavadskaia placed calcium lactate tablets containing
20-60 mg under the skin of the left groin or flanks of 24 mice. Prior
to application, 23 of the mice already had breast tumors. Calcium lactate
stimulated 4 tumors (16%) but inhibited 21 tumors (847%). During the study
9 new tumors were found, that is, 26.5% out of 34 breast tumors; pulmonary
metastases were also found in 8 out of 23 mice. The growth of a chondro-
sarcoma of the perineum in one mouse was restricted. Fifteen animals died
within 7 months (411).

Dental caries

Hamsters

Groups containing 8 male and 7 female 21 to 25-day-old Syrian hamsters
were fed a caries-producing diet which included 40% ground yellow corn
and 20% sucrose for 100 days. One group also received 0.057 ml of an 807%
lactic acid solution per 100 g of diet (45.6 mg/100 g diet). A second
group was given drinking water containing 0.05 ml of 80% lactic acid per
100 m1 (40 mg/100 ml), while a third group received no supplement. Lactic
acid produced some enamel decalcification, but there was no significant
difference in the incidence or extent of caries among groups. Growth
rates and general appearance were also similar (649).

Rabbits

Adult male rabbits weighing 2 kg were given per os calcium lactate,
calcium gluconate, calcium chloride, precipitated calcium carbonate,
and precipitated calcium phosphate in single doses of 0.46 g calcium per
kg twice daily at 4-5-day intervals. Lead acetate was injected at the
time of calcium administration to establish the recording time on dentin.
After 4 weeks, the lower incisors dentin was decalcified. Calcium lactate
was the most efficient depositer of calcium (1382).

Reproduction

Rats

D'Amour determined that the consumption of 2.5 or 5% lactic acid in
a stock diet by pregnant rats had no influence on the sex ratio of the
offspring (346).

17



Teratology
Chick

Direct applications of lactic acid solutions (0.01 to 0.03 ml of a
0.01% solution) were made to the vitelline membrane, amniotic cavity, or
subgerminal cavity of 3-day chick embryos and into the allantoic cavity
of 4-day chick embryos. Extensive edema followed by subcutaneous blisters
and hematomas were found regardless of embryonic age or method of injection.
Generally, the death rate was high (90%), but only 70% of the embryos
injected by the allantoic route died. Of the 79 survivors in this group,

10 (12.7%) developed anomalies. Of the 85 surviving saline-injected
controls, only one was abnormal (646).

18



Biochemical Aspects

I. Breakdown

Lactic acid readily undergoes self-esterification. When a solution
is heated, dehydration takes place between the alpha-hydroxyl group
of one molecule and the carboxyl of another to form several polylactic
acids such as lactyllactic acid, the linear trimer, and higher polymers.
The products occur in all solutions containing more than 18% lactic
acid. Temperature affects the relative amounts of each moiety (588).

II. Absorption-Distribution

Frenning studied the absorption of lactic acid in unstimulated whole
stomach pouches of cats. After instillation of 170 or 700 mM L(+)-lactic
acid, the hydrogen ion and lactate concentration decreased equally. The
net effluxes of hydrogen ions and lactate were also roughly equal. The
absorption of D(-)-lactate was thought to function similarly. No morpho-
logical changes of the gastric mucosa were found after electron microscopic
examination (558). '

Lactate appears to be distributed in a space equivalent to or slightly
less than the total body water. It diffuses readily across cell membranes
primarily by passive transport. Under certain conditions its distribution
may be uneven or the lactate pool consists of several smaller pools with
differing rate constants (1019).

Lactate is formed through an anaerobic pathway of carbohydrate de-
gradation (glycolysis) in skeletal muscle and a few select microbes. A
scheme for glycolysis is portrayed below (163).

CH,0H
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glucose- ) -phosphate

CH,OH
(] glvcogen
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[
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H\ «— Reacuon is reversible
f with enzvine specihed
fructose- 1.6-diphosphate —= Heaction not revcrsible
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CHO '\ CH,0PO;
I ’ T 3
CHOH — C=0 Foo
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1. phosphorylase 9 phosphoglycenc acid kinase
2. glucokinase and hexokinase 10 phosphoglyceromutase
3 phosphoglucomutase 11 enolase
4 phosphoglucoisomerase 12, pyvruvate kinase )
5 phosphofructokinase 13, lactate d«-l’l)'dro!:.:rna:sc (lactate formatinn}
6. aldotase 14, pyrusate decarboxilase . )
7 triose phosphate isomerase 15 alcohol dehydrogenase | dlcohol formanom)
8 phosphoglyceraidehyvde dehydrogenase

Erythrocytes and muscle account for most of the lactate produced in
vivo, with smaller contributions made by brain, leukocytes, and the renal
medulla. The estimated total available lactate that could be produced
from these sources is 46 mg/kg~hr. However, the gastrointestinal tract
and skin may also be sources. A minimum of 20-25 mg/kg-hr for a 70 kg
subject should be added as an adjustment of the in vitro production rates
of these tissues (1019). '

I1I. Metabolism and Excretion

Lactic acid dehydrogenase converts lactic acid to pyruvic acid by
the removal of 2 H's.

OH 0

CH3-L—COOH ——— Y CH3—4—COOH +2H
|

Lactic Acid Pyruvic Acid

In animals, lactate generated in the anaerobic metabolism of certain
tissue such as skeletal muscle can be transported to other more aerobic
tissues such as the liver. There it can be reconverted to pyruvate. The
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pyruvate can then be metabolized further via the citric acid cycle or be
reconverted to carbohydrate material as free glucose or stored as glycogen.
In man, lactic acid dehydrogenase is widely distributed in various tissues
and body fluids (163).

In 1929 Cori and Cori showed that the liver was capable of converting
lactic acid to glycogen. Fasted male rats were given sodium d, 1, or r-
lactate by stomach tube. While feeding the dextro-isomer led to glycogen
deposition in the liver, the levro-isomer formed little glycogen. However,
both isomers were absorbed at similar rates. Forty to ninety-five per-
cent of the d-lactate absorbed was retained as liver glycogen. Thirty
percent of the l-lactate absorbed was excreted in the urine; none of d-
lactate was excreted. The authors estimated that d-lactic acid was
utilized four times faster in the cat than the l-isomer (315).

The formation of liver glycogen from lactic acid was viewed as an
important link between the metabolism of the muscle and that of the liver.
The cycle in brief, was described as follows: liver glycogen-» blood glu-
cose — muscle glycogen - Yblood lactic acid ) liver glycogen (315).

Micrococcus lactilyticus was found to represent a significant portion
of the bacteria indigenous to human saliva. This microorganism ferments
lactate to propionate, acetate, carbon dioxide, and hydrogen (418).

Searle and Cavalieri estimated the turnover, oxidation, and reduction
of lactate in man. Primed infusion studies with labeled L(+)-lactic
acid indicated that the virtual volume of distribution of lactate was
49.4% of the body weight. The authors stated that it was reasonable for
a freely and rapidly diffusable molecule to occupy a space greater than
or equal to three quarters of the body water space. The lactate pool
size and turnover time were estimated at 0.029 g/kg and 18.4 min, respect-
ively. The turnover was approximately 95 mg/kg/hr with approximately
90% oxidation to COp. Searle and Cavalieri concluded that body lactate
kinetics probably reflect the total flux of carbon through pyruvate, and
that the primary fate of lactate was oxidation to carbon dioxide, not
reduction to glucose by hepatic tissue. Such oxidation probably occurs
in the peripheral tissues (1694).

Drury and Wick used Cl4-L(+)-lactate to study the metabolism of
injected lactic acid in the intact rabbit. Circulating lactic acid was
used up and renewed at a rapid rate, with a turnover time of about 30 min.
Most of the lactate was oxidized to carbon dioxide; however, part of the
lactate could be accounted for as glucose and glycogen or by the oxidation
of them. An eviscerated animal metabolized the L(+)-isomer quite actively,
but not the D(-)isomer. According to the authors racemic lactate is
practically completely metabolized by the intact animal. They suggested
that the liver might convert the (D) isomer either to the L(+) form or to
glucose or glycogen (432).

During experiments with rapid intravenous sodium-lactate loading,

Dies et al. determined that tubular reabsorption of lactic acid is rate
limited in the dog. Lactic acid excretion was urine flow dependent at low
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filtered loads. It was concluded that lactic acid is actively reabsorbed
in the proximal tubule, that its tramsport is rate limited, and that it
is either incompletely reabsorbed at low filtered loads or partially
secreted at a distal site of the nephron (398).

Wwhen sodium dl lactate was given orally to a dog, it was almost
completely utilized. When the plasma lactate concentration was increased
by i.v. infusion, urinary excretion was slight until the plasma concentra-
tion approached 1 mg/ml. At concentrations of 1 to 4 mg/ml, the rate of
excretion was proportional to the rate of glomular filtration. The L(+)
isomer, the natural form, was utilized more than the D(-) isomers in a
3 to 2 ratio (326).

Sweat lactate was derived metabolically from serum glucose as opposed
to serum lactate in man. The yield of radioactive carbon in sweat lactate
after an injection of labeled lactate averaged only 8% of that found after
a similar injection of labeled glucose (640).

IV. Effects on Enzymes and Other Biochemical Parameters

Ballabriga et al. provided 150 premature infants with a nonacidified
formula N until aged 12 days. They were then fed the following diets for
the first 2 months of life: formula X (25 infants); formula X plus 0.5 g/
100 ml L(+) lactic acid (21 infants); formula X plus 0.5 g/100 ml D(-)
lactic acid (16 infants); formula X w/0.5 g/100 ml racemic lactic acid
(29 infants); formula E with 0.5 g/100 ml lactic acid obtained by biological
acidification (21 infants); formulas X and N plus 0.5 g/100 ml citric
acid each (16 and 22 infants, respectively). Formula X had a higher
protein content than formula N. Development was normal for groups re-
ceiving formula N, non-acidified formula X, the formulas acidified by
L(+) lactic acid, and the citric acid formulas. However, the group given
D(-) lactic acid formula X suffered 4 cases of metabolic acidosis as
indicated by weight loss, pallor, bad overall condition, vomiting and
regurgitation. The formula had to be discontinued. Three cases of mild
acidosis occurred in the set fed racemic lactic acid. Acidosis was
relieved by the administration of a non-acidified diet or after the intra-
venous injection of bicarbonate in the severe cases. The authors concluded
that only L(+) lactic acid or perhaps citric acid should be used to acidify
milks for feeding premature infants; racemic or D(-) lactic acid should
never be used (77).

The consumption of lactic acid milk by premature infants led to
acidosis and reduced weight gain. Prematures have been shown to be
normally on the verge of acidosis and can be made acidotic more easily
than the term infant (634).

In a series of experiments Fazekas (315, 317, 319) determined that
the feeding of 0.1-0.2 g of lactic acid per kg of body weight to rabbits
shifted the acid-base balance to the acid side. Although serious metabolic
acidosis did not develop, enlarged ovaries and parathyroids were seen.
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Parathyroid hyperfunction accompanied the increased weight.

Grosz and Farmer infused 8 ml per kg of a 500 mM sodium (DL) lactate
into 10 young men; subjects suffered from paresthesia, tremor, shakiness,
dizziness, and palpitation. Infused lactate was thought to be rapidly
converted to bicarbonate hence induce metabolic alkalosis. However, serum
pH was not measured (664).

Six infants were given 60 ml of a 10% calcium lactate solution (6g)
prior to their normal morning feeding. Serum calcium, phosphorus, and
total proteins were measured before and four hours after introduction.
Three of the infants had mild diarrhea during the four hour period but no
vomiting occurred. Serum calcium rose significantly, but serum phosphorous
dropped. The serum protein concentration increased slightly (448).

Serum calcium determinations were made for a 12 hour period following
oral consumption of 5 or 10 g of calcium lactate by normal fasted subjects.
Serun calcium was elevated to a maximum of 14 and 28% within 5 hours for
the 5 and 10 g doses, respectively (10l). Similar results were obtained by
Lieberman (1113).

V. Drug Interaction

No Information Available

V. Consumer Exposure Information

Lactic acid is one of the most widely distributed acids in nature
and one of the earliest used in foods. Lactic acid is used in packaging
Spanish~type olives, for it insures clarify of the brine by inhibiting
spoilage and further fermentation (588).

"Lactic acid, when added to pan-dried egg whites to
adjust the pH range from 4.8 to 5.1, permits rapid settling
of any shell fragments, improves protein dispersion, and
aids in producing a more stable dried-egg powder with superior
whipping properties. A milder, more subtle taste is obtained
when it is added to the vinegar in preparing certain pickles
and relishes. It is also used to adjust the acidity and as a
flavoring agent in the manufacture of cheese and dried food
casein. Lactic acid is reported to be excellent, when used
in small amounts, for acidifying fruit juice in the production
of wine, and to give improved flavor to carbonated fruit juices
when used in combination with other acidulants. Lactic acid
is also used in certain frozen desserts to provide a mild,
tart flavor without masking that of the natural fruit. It is
employed in some jams and jellies, in the manufacture of beer,
in mincemeat, mayonnaise, and for solubilizing pepper oleoresin

(588)."

23



"Calcium lactate is used to preserve the firmmess of
apple slices during processing, to inhibit the discoloration
of fruits and vegetables, as a gelling agent for demethylated
pectins, and to improve the properties of dry-milk powders,
condensed milk and baked food products (588)."

The following tables were compiled from data submitted by user firms.
Food consumption values for each food category were derived from the
Market Research Corporation of America (MRCA) data on the frequency of
eating, and from the USDA data on mean portion size of foods in each
category. The food consumption values thus derived were coupled with the
usage level data obtained in the surveys to calculate the daily intake of
the substance.

Table 2 reports the usage of lactic acid and calcium lactate in
foods. Table 11 reports the annual poundage data. Table 13 reports the
possible daily intake and total dietary, based on food consumption by total

sample.
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..__.COHPIEHENSI VE_GRAS SURVEY == MAS/NRC 1972

107027712 PAGE 19
TASLE 2 == USAGE LEVELS REPGRTED FOR NAS APPENOIX A SUBSTANCES (GROUP 1) USED IN REGULAR FOODS(R)
SUCSTANCE MAME FOCD CAYEGORY # FIRNMS #8% YSUAL USE sus e38 MAXIMUM USE s .
_ {SURVEY ND.) __NC. NAME _ REPORTING WTD. MEAN, X MID_MEAN, % .
CALCIUM LACTATE 01 BAKED %500DS(R) . .00389 «01197
MLC ODAS _ FZMA 3535 03 OTHER GRAIN(R) . .0C3C0 -004C0
08 PROCSD FRUT(R) . 0G50 .00500
10 FLAT PRCDLSIR) . +C63C0 «£0400
. _14 PROCSD VECGS(R) » __.10400 sesasey
: 16 SOFT CANDY(R} . .00)70 .00230 -
20 GELATIN PUDIR) . «00200 00200
23 _ BEV TYPE I(R) . 19051 .19051
33  SUGAR SUBSIR) . 85.000C0 $0.00400
. —-_. LACTIC ACID o . .. ... D1 PBAKED ¢OODS(®) 2 B _.20413 < 2640L38
NAS C103  FEMA 2611 06 FATS QILSIR) ? 13379 .22755
a5  MILK PRODS (R} » .CY255% 14114
o ... .__._. ... 0Dt CHEESE(™: e 1.9%312 3.66877 _
CT PROIN DAIPY(R) 14 «CC34T «G24624
10 FEAT PKCDS(R) 4 +37449 «37509
14 PRCCSD VEGS(R) s . 00239 .00258
15 CCNDM RELSH{R} 9 . T1256 1.31137
16 SCFT CANCY(R) 17 .cog21 .C1236
R 17 CCNE FROSTURY . .03300 __ .040C00
19 SWEET SAuCE(Rr) . .C5C00 T T .08c30°
20 GELATIN PUDBIR) 10 7267 .10039
e 21 STUPSIR; 4 01166 .01278
22 SNACK FCCOS{R) » .02785 .03686
23 BEV TYPE I(R} 21 .00180 .00662
- o 24 _ BEV TYPE T1(R) ! i - 00125 .00350
27 GRAVIES(R) & .17013 T .17014
. _ _"23  IMIT CAIRY(R) . .C8133 2721
N X e _____30 _ HexD CANLY(R)} _ 8 .35608 1.60562
31 CHEWING GUMIR) 4 .C1678 +C2451
 _ LACTIC_ACID ICONT.)Y 48 SEAS FLAYRS(R) » . 00300 .01400
NAS G103  FEMA 2611 49 PMISC UNCLASIR) » . 005C1 .02828
__CONPREHENSIVE GRAS SURVEY == NAS/NRC 1972 10/03/72 PAGE 3
TASLE 11s PART A =— ANNUAL POUNDAGE DATA FCR NAS APPEMDIX A SURSTANCES (GRCUPS I € 11)
YOTAL 1970 PCUNCRGE TC1AL
4 REPCRYS_____ POUNDAGE REPORTED TO NAS POUNDAGE REPCRTED 1970
SUBSTANCE NAME TC NAS (MATCHING REPCRTS FOR BOTH YEARS) REPORTED # REPCRIS TC FEMA-= PCUNDAGE
{SUAVEY NG.) 196071970 1950 . 1910 TO KAS YO FEMA 1970 CONLY NAS + FEMA
.. Jn
CALCIU# LACTATE 6/ 9 5§+ 350 27,031 73,337 ] 233 13,517¢
NS CC4S_FuMA 353% . e mmmmemmmm e T T
LACTEG aCly 19/ 24 582,053 5T €64,151 10517, 8642

__ kNS LI03 __FzMA 2612
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————LCOPPREMENSIYE GRAS SURVEY oo NAS/NRC 1922 : 10/02/72 PAGE 36

TABLE 13, PART A = POSSIBLE DAILY INTANES OF NAS APPENDIX A SUBSTANCES tGRCU®S I £ Il), PER FCCO CATEGCRY ANC TCTAL CIET‘!Vv
BASED_CN EOOD CONSUMPTION BY YCTAL SAMPLE = = - SEF EXPLANATORY ACYES 1K EXMIPITS SECTICN

SUISTAKCE NAKE FOCD CATECORY 8 OF _ vessessssewbyenveess  POSSIAIE DAILY INTAKE. EGa $33%333333383%
{SURVEY NC.) NC. NANME F IRNS (AGE) AVERAGE HIGK A HIGH B
. 0
o CALCIUM LACTATE._ .. __ 01 .BAKED_GOCOSIR)} ___ & _ C-% MO.___ -.329480____  .436050 = 406980
NAS 0045 . 6-11 #0. Z2.46126C 5.019420 3.C40380
12-23 ¥C. 5.281C50C 8.7C162C 6.522¢5C
S 2-654 YR, 13,25468C__ _ 19.746220  __ 16.422v40
CALCIUM LACTATE 03 GCTHER GRAINIR) . -5 MO, «C15¢CC0O «CS1000 .cggrco
 NAS_DC4S . 6-11 MC. ____ .291C00_____ .85HCGO____ .3E8CCO
12-23 PC. +492C00 1.137GC0 .656CC0
2-t5¢ YR, .834CCO 1.842¢CTO 1.1120C0
CALCIUM LACTATE 08 PRCCSD FRUT(R) s 0-5 M. .235C00° .630CC0 .2350C0
NAS 0045 6-11 MO, 2.59C3C0 6.45CC0U 2.59C0C0
12-23 »C, __ 5.C3CCCO_____ 9.9ksCtC  S.C3CCCC
2-65+ YA, 5.915CC0 12.53cC2CC 5.515CC0
c 4CCO
e CLCIUM LACTAYE. 10 MEAT PRCDSIRY) ____* C=5 MC. _ ___=C33cCc0____ =0%7CCO___ __ =G4 )
KAS CUAS &-11 ¥C. .621CCO 1.674CC0 .82ECCO
12-23 k0, «90£C00 1.557CCO 1.2C8000
2-85¢ YR, 2.,352CC0 3,9C€30C0 3,134€00
CALCIURN LACTATE 14 PRCCSD VEGSIR) ° . c-< ¥FO. 1.456CC0 4.365CC0 *esuIIABIINIS
NAS €C4S 6-11 ¥C.o __ 25.560CC0  SB.240CCO __ sssssssassses
T T - 12-23 MC, 4C.5€CCCC ¢7.912¢0C SN IRRAINGS
. 2-£65¢ YR, 8B.4CCCCO 148.92£000 S8984083 8888
CALCIUN LACTATE 16 SCFTY CANDY (R} . -5 MO, .C034C0 .034C00 +0C4600
NAS 0045 6-11 MC. .C374C0 .115600 «C5C600
: 12-23 0 .C59%C 2 1581C0 -CRECSCO
2-¢5+ YR, +CSELTC .2992¢C0 «133400
——— CALCILM LACTAYE . 20 GELATIN PUOIAY . C-95 %C._ aC4CCce #C54C00 «€406CA
NAS 0045 6-11 rO. «254CC0 «776CCO «256CC3
12-23 ¥n, «2760C0 .672000 +27£0C0
2-¢L+_YRa 2408GCO 1.C56CCe .4CROCO
CALCIUM LACTATE 23 BEV TYPE 1(R) - c-5 MO, 4.572240 6.858160 ©.572240
—————NAS 0045 — 6-11 MOa_______ 43,245770___ _ 148,026270_ _43,245770C
) 12-23 »0. 103.256420 309.5787%0 103.256420
2-85¢ YR, 198.13C400 & 529.C46270 198.130400
CALCIUM LACTATE 33 SUGAR SUSS(R) o e MO ewesessssssss  emessassstsss  aseensenvesss
' NAS 0045 . t-11 »C. £.5CCCCD 17.60C2590 ¢.cCcoC0
_ _ _ . 12-23 MO, 3888sssssesss ___17.06CC000 29240458300
. 2-65¢ YR, &8.COCCCO 68.CCCO0OC 72.€0CC00
e CALCTUM LACTATE  ~ ALL CATEGCRIES ______ 10 _ _ C-% PC. _ _ _ _ é.eR41CO___ 12.51/410 5.322820
NAS 0045 BP0 00008 £-11 ¥, 82.€¢2430 233.159290 £G.3G8T50
$40488000 0040 12-73 ¥3. 155.26791C 416.7C14670 117.0:C5T9

LR - e WEURRRNRNNRGEY 000 _.2-¢br YR, 377.47%2¢20 . TES.L346L90 _257.257G40
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-~ POSSIPLE DAILY INTAKES OF NAS APPENDIX A SLABSTANCES (GROUPS I & II), PER FCLUC CATEGCRY AND TOTAL CIETARY,
BASEC CA _FLCC CCASUMPTION BY JLTAL SAMPLE = = £Xxp CIES IM SXHXEIYS SECTICN

PAGE e®

TABLE 13, PARTY A

Lc

——— SUBSTANCE RAME e FOCD_CATEGCRY. oo B CF___$s¥9ggessegsnsssesas DPLCSIALF DAL LY INTAKE, Bl. #8308 3ndsxsssr
{SURVEY NC.) hCa KAME FIRMS (AGE) AVERAGE RIGF A HIGH E
LACTIC »CID 27 GRAVIESIR) 4 c-% MO. .17¢€138 #51039C TT.17C140
~AS €103 6-11 NO. 2+361H20 6.635070 2.3819¢40
- —— o 12-23 M0, 6.1246E¢ 17.353260 6.125C40
2-654% YR, 14.12(7SC 3€.22769C 14.121€2°
e bACTIC ACRO . 2. IMEIY CAIBY(P) 8 __ _C-Y MD. ______ ___ _LQCCCel M et ] L0CCC00 ___
hAS Cl03 é~11 md. 1.23F62C 1.67C213C 1.26.9430
12-231 MO, 850640 2.765223 +1TTEEG
T e i e L -E54 YR, e T2187C }.219%5¢C +814E50
LUCTIC AC1D 10 MARC CANCYIR) ] c-5 ¥, CCCCCE <LCI0Cce ccccee
e NAS 0103 e &~11 MCe__ L W35&L3C_ _leCRRIAG J.£0562¢
12-23 ¥¢Ce 1.GHE240 3,204120 b ELLIELD
2-€54 Y. 2.1384EC 6.L533¢0C 9.£33720
LACTIC r210 11 CHENIKG GUMIR) 4 c-< M. TstaanIrLaaste FUNANENEAL LIS BBEEARINNTARE
AL ClCs t~-11 MO .Cit782 AR M 2246917
- - . B 1221 Me. 01678 _.GS8240  LC24510
Z-tLe YR, «L32€¢C +C57120 €49 2L
e o JLACTIC 2CID . _ &P _ _SEAS FLAVRSIR) % _ C-% NG, __ S#ssssdivitas 984NN N0 S FAIAENILINLITSE
NAS ClG3 e-11 ¥O. PV I R LN T Y o e A TS TET T F PR Y T
12-23 ¢ BOFUBESIET {23 P S <7 Sore EZ S 2 PR AR EEY S
—— e _ _ e e tte YRe L0300 _.teisne T o S
LaLTiC . CID ALL CATEGCAIES g2 C-5 M. 15.£57C5¢C 30,46(71C 24%.82CLCC
e e WASCICI o mewsesseasrresy ___&=11 MC. _ 267.0684CC ___ 859.157F-D 376.478558
85374887800 12-23 KC. 481.C@ALISL 111i.C82C85 °  T1z.58040C0
BERUBBNVES NS 2-65+ YR, G24.14488D RT7€1.954806% 1286.27294C
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PCSSIBLE DAILY INTAKES OF NAS APPENCIX A SUBSTANCES (GRCUPS I £ I1), PER FCCD CATEGCRY ANC TOTAL CTEYARY,
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NAS 0102

chL;‘Tm&'__ .‘_QF “7“"."“..'!1‘7—.‘20 PQSS[ELE CA!VLY lhTAKE. YGo __".t“#'t.‘."‘
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TTTTTT o 15 CONDM RELSHIR) 9 77 6=5 sg. sewasssnssens 113660 sesssssssnani
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. AACYIC ACYD . __f&__SGFL_CANDY[R)_ 17 €5 Wo. LT1£420 .16420C _e024720
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I NGS G033 e =11 . . 033006 N TLUG T .caccoe
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2-€5+4 YR, B AL-T o) «264C00 .12€000
e [ S — e e —— e e e s o e e e [ - ¢ . o = PR e ——— - - e T—— am———
LCVIC aCI0 19 SWEET SAUCEL(R) . c-4 ¥C. 152830 T.2¢scen L15ceLy T
nL3 0183 6-11 »0. T 45CLCT 1.£50303 <48Ceee
e e [, _ A o o o 12-23 FE.l.3c000e 3.850C5C 1.3(€0C5
2-5%e YR, 2.40C060 - g.550C0C 3.4C00CC -
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12-23 ¥l 1€.Ce9R6C 26.51762¢ 12.84282¢C
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1ACTIC %CID 24 BTV TYPEF II(R) . c-% ™. Loeeaco .ceceeen Lcogres
- . “AsC10d I o -3 wr, vISTRBLEL . L Lt CCY287 deRERLI dvL RS
T T 2=73 Mis, wmamdrstsesdnE T WCC2S0C T T srwwsssaciioss
2-£€4 Y. L4CE250 1.180Cc0 1.127%CC
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e —— SLBSTANCE NAME __  __ FCCD. CATEGCRY . . # CF._ _gessacesasavasassres_ PCCSIBLE CAILY InNTAKE, MG, Seavavsseesnss
{SURVEY AC,) ANC. NavE FIRMS (AGe) AVERAGE HILH & HIith B
—— e —AACTIC ACIOD . . Q)L BAKED GCCRS{RY 21  C~5 MO. ... _ _ £.564C420 __,  _9.1PE070 B8,69912G
) hAS 01933 €-11 MO, S1.54SC2C 1€5.73974¢C 67.22872¢C
12-23 0. 111.250F50 193.393740 144.25C€00
B R e 2=85% YR,_ 280 .64E36¢C 416.£16940 3£9.14C94C
¢ : -
LALTIC 2CI0 04 FATS CILS(R) T c-5 ¥C. 668550 656950 1.137750
e _MASLQLCD L __E=1) PO, - 3,748612%_  16.03425C 6.3714C0 _
12-23 MC. B.42£770 16.C54E0C 14,325650
2-65+ YR, 23.412250 42.27764C 39,82125°
LACTIC ACED 0% -MILK FRCCS(R) » c-% MD, 4.9677¢C T U aLtazeon T 1.€2150G T
1 2133 6-11 MG, 57.751z¢00 277.742550 88.071360
e e = o __12-23_ MCe_____S50C.4397SC 141.40729¢ Te.92V300
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A FURTIHER EXPERTMENT ON TITE VALULE OF CALCIUM
LACT! MH! INDIAN CHILDREN.

2=
BY

W. R. AYKROYD,
AND

B. (. KRISHNAN.
(Nutrition Rescaih Laborotories. 1. R. F. .., Coonaor. 8. Lidia.)

[Reccived for publivation, November 28, 1138.]

It was olwerved in the Laberatories (Avkroyd and Krishnan, 1157) that e
agrritive value of the peor South Iudian diet forrats s Inereased by the aadition of
caleiim lactate.  This cbservation was llowed up by an experitaent en nursery
schiol children aved 3 to & (Avkrovd and Kortshnan. 19323 owhich 1t was shown
the: vouns childven eiven 0h g of caleinm lactate datls enined ore repidly
heicit and weight during a 9 to Ganonth period than chiidren not receiving this
suptlement.  The presem experiment, exsentially simdlar in prinviple, was carried
ot 1o discover whethier ealeium lactade could produce thie same effect en oidar
chil iren.  Another object was to determine the relative value of cileion Livtae
and ~kimimed millk as supplements.

The investigation took plice ina day ~chool about three miles distant frong the
Laboratories attended by some 106 hovs with ages vauging from 6 to 12t einverave
ldgg‘w'mg about 9 The boys were Badazus aud natives ol the MNiterrt Hhillso corsnn-
ing o iet based Jargely on vice and containing no mik and oxly small amounnts of
veg-tubles. Their state of nutrition was in general poor.

The «chaod was divided into three groups, roughly equal as repards sive and
age by working down the sehool list. chess by class, and assigning the boyvs i
sequence to groups 1, 11 and 111 The groups were given the followiny daily
spplenents —

Group 1 : (Control) .. .\ peppermint sweet.
Group 11 ¢ oo X pepnermint sweet 1 grumme of endetumn
lactate.
Group 1 = o oo 8 oz hout 200 el of ligud shhuead nalk,
reconstituted from B0 g of mill powder,
(409 )



410 The Vaiue of Caleinne Lactute for fndian Chidren.

The peppermints were given for psrehological reasons.  Considerable exper;
ence has tuught us that it i®advisable. in currving out schoel feeding experinientg
to give all the children. including the contrel groups. sonie supplerient. Otlerwige
the controls will feel négiected.

The experizaent lasted 11 weeks, during which the supplements were givey, gp

4% dazs. The idven were weichied wnd micasured at the hecinning and erd of
the experimental peciod. Allowing for Wl=enteess omroups 10 TL and 111 itelided
respectively 4460 and 3 boveo Initial nean heights and weights in the 1) ree
greaps were approxinately equil ond snalyes showed that the small differer ces
i the inittal semnis were ot statisticaliy signiticant,

The inerement i welzhit wnd Leicht in the three STOUPs are conpared n

Tabdes 1.1 and HL which inelide the necessary statistical constants,

Tanrz 1.

Cronps T widd T Liercients and statistical constants.

]

INUREMENT 0V WEIGHT,  INCREMENT 9F HE(GHT.
LB. INCHES.

Grotr 1. }[ Grove 1T, Crove I Grove 1L

Calcium Caleium

Control. ‘ lactate, Control. Lictate.
!

- S I - : -
Number in cample . - 42 406 42 16
Menn of sample .. .. ~ 2 - R0 : 02 BRI Y
Standard deviation of sample . 0-8258 * 1003 | 0209 0430
Diiference Letween two mrans L 082 ) 0-21
Standard errer of difference . 02417 00718
Difierenre— ‘ »

Stundard error of difference L, | 3-30 i 2-02

Siznifoance .. .. Sunificant, Sicnittieant.
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TasrLe T1.

Growps T oaod TH. Tveremedits and slotistloal vogtq

411

pls.

INCEEMENT 0F WEIGHT, )
LI !
I

|

Grory 1. Croeve T

Skimmed

Control, Control.

mitk.

Number in <ample 12 43 42
Mewn .f -ample —0n2 1-35 42
Saand .1 deviation of sample 05256 1-415 0200
Differ nee Beiween two nueans 137
Stnlod error of diference 025
D'f'rr S ——

Seinfied ereor of differenee s

Signitivaner Sirmiticant.,

Tarrr I

Toceonn it gl stth Istical et

oy I ol JHT

Gearr 1,

INCREMUNT OF HIIGHT.
INCHES,

Guovr 11,

Nhinmed

nilk.
13
[Ie*]
0-270
017
00333
318

Nigniicant,

IS

INCREMENT OF WillGIiT, CINCHAN

CNTOF HEFGHT,

LB ENCHESN,
:
Crove 11, G p TTIL Greey 17, Gworp J1T.
o |
Caleium Skimmed : Calcium Skimmed
lactate. milk. o lactate, milk,
- |
Numbe: ii: <onple 46 43 16 43
Mean o1 <yple 0-80 1-35 { 063 0-30
Stndard 1 il o o 1o 1415 1433 0270
Dife~ ., . Letween two neins [RT g
Saad. J erroe s T [IRAIRY auTy
D‘f'ﬂn(e -
SRR ST B NI 185 52

S"""' 1oe Almast siomifcant, Not

sivnifir ant,
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Discussion.

The results show that weight and height increments in both the caleinm )
and the skimmed milk groups were significantly greater than in the contro) .,
While the control group did not increase in weight, the mean increases i 1
[T and 11T were 0-8 Ib. and 1-35 1b. respectively. The difference between the ¢
lactate and skimmed milk groups as regards weight increase falls just s,
statistical significance. There was no significant variation in respect of |,
increntents in these groups. It must be remarked, however, that the .
condition of the children receiving milk showed an improvement which w,.
evident in the calcium lactate groups—an improvement which we have o
again and again when poor Indian children are given extra milk. It p,,
concluded that, while calcium lactate i3 of benefit under the circumstances,
naturally a less valuable supplement than milk. Similar observations haye |..
made on groups of rats (Aykroyd and Krishnan, 1937). i

In the experiment described the period of extra fecding was somewhat s |
owing to a combination of circumstances it was impossible to continue for 4 1o, -
period. The experiment was, however, of value in confirming the results «f -
earlier experiment in which a supplement of calcium lactate was found to }.,.
beneficial effect on children in a nursery school. Half to one gramme of cal,
lactate could be provided to a child at a cost of about 1 anna per month.

SUMMARY.

1. South Indian day school children given a supplement of 1 gramm:
calcium lactate for a period of about 11 weeks showed significantly greater hei.
and weight increments than children not receiving calcium.

2. In a similar group receivimz skimmed milk height and weight increme -
were also significantly in excess of those recorded in the control group. T
skimmed milk group showed more improvement in general condition than tl. |
calcium lactate group. Weight increase in the former was somewhat larger tha:
in the latter but the difference was not quite significant.

REFERENCES.
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T. Distant minirum lethal dose nf calciun chloride, cnlcinm
lactat~, colciun 7'uconnte, cplciumn mrmuvnte,
admninistered intravenousls (%)

Dr. Ugo Baldaceil

(Fron the Tnstitute of Pharmacology and Therary of *he
R, Universi*ty of Pisa, Director Prof. I. Simon)

The introduction of calecium medication in therany car be
traced to a very distant date, and in fact, it preceded the
phernncological and physiological study of calciuvna,

Success has in part justified the emnirical method, The
raterie medica of antiouity abounds in medicines bssed on enlcivm:
princinally used were the bones of the dead, shells, corelrn, all
of which contain an abundant zmount of calcium cerhonate, Fhere
prenaretions, fallen out of use todey, were rrevarcd with tine
caleivn salts that the pharmaceuticnal industry wrenarce in sumerons
forms, ond whiech are tested on the most assorted diceaser, [fnoms
the salts most generslly adorted in thereny arc crolceinm ehioride,
calcinm lactate, calcium pyruvate end calcium gluconate, on which
numerons clinicnl, but few rharmscological, exneriments have hcor
conduncted with thet secientiric rimor and vrecision which -re
necerapry in commarative research,

Thereforc, T nnderbook a series of comvarative exrerimcais
on these four calcivm salts, TFirst of2ll, T belicved it orrortorc
to determine with an exect method the toxicity of eacu of them
because, as we shall sec, the less precise exveriments lod to
idere and epinions which éid not corresvond to the rcelity of tuac
facts, The notes that can be collected from the litercture con-
cerning this auestion are very scarce and incufficient, the
least lethnl doses revortod having been determined by —enns of
exnerinentel nrocedures wnich do not allow for the cyect obcerva-
tior of the symntomatologv.and comvaricson of tihe rersr-ctive toxi-
citiers.

The qurstion is taorefore worthy of a more »»ceeice study,
Knovledee of toxieitr ie in frnel nr jniienenzible ac thet of the
phor acolomicrl ond thezencuiicrd eorioels, when ove wvants to offer
a precicoe jremiont on the value of ~ceversl raaedies vhich are
SirmiTear for 211 the celic ond hinve the cnvie therereutic indicer s
tdviecnhle vourld he tone nee in wractice of thot meaiecntion wanien
T*)A nrOVﬂniiﬁxﬁzowwunic¢xion vos moade ni thic wvorl., See I1lcetin
of the Itnlirn Cocicly of ‘iology, 19706, n.310.
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will unite a low toxic effect with another activity.
I report succinctly the few notes which I was able to
find on the argument in the vast literature available on calcium

salts,

Delogu (1), in some experiments on the compared toxicity of
calcium in animals, found that rabbits injected intravenously
with a solution of calcium chloride would die, at a rate relative
to the speed of the injection, uvon the use of doses ranging
from 0.26 & ver ke (high speed of the in’ection =cc. 12.5 per kg
and first minute) to 0,78 g ver kg (Low speed of injection =cc., 2.79
ver kg and first minute), From the experiments of Delogu it is
reveal ed that the average of the immediate minimum lethal doses
is eoual to 0.50 g ver kg of body weight,

Rothlin (2), studying intravenous toxicity of the four
calcium salte, among them chloride and gluconate, found that the
average of the lethal doses in rabbits was 0.20 g per kg of the
animal for chloride and 1.70 g for gluconate.

Liebermann (3), in a study on the intercedent relationships
between the effect of calcium gluconate and the scillaren B on
the cardiac activity and on the blood pressure, injected into the
veins of dogs 2 solution of calcinm gluconate at 10% with the
speed of 4 cc ner kg and first minute, and observed that, in the
experimental conditions which he had preselected, the lethal dose
was equal to 0.185 g * 57 of calcium per kg of body weight.

Morton F,, Mason and Harry Resnik (4) attempted to determine
the toxicity of calcium chloride, calcium lactate, and calcium
gluconate injected into the cisterna of dogs.

They found that doses of 0.25 mg of these salts, administered
via this route, did not comvromise the life of the animal; doses

of 0.40 mg led, in 90% of the cases, to death in 5 or 6 seconds
from respiratory naralysis, Of the salts examined, the least
toxic, in respect to the immediate effects, turned out to be,
according to these authors, calcium lactate,

Actually, from these notes no certain conclusion concerning
toxicity can be drawn, since the experiments were conducted using
methods so imprecise that they really do not allow for any re-
liable comrarisons. The figures which I have reported all represent
in fact an immediate minimum lethal dose which, pernans, is the
least suitable when one wishes to establish comparisons between
the toxicity of several medicines,

According to Simon (5), in fact, when one wishes to deter-
mine the minimum lethal intravenous dose in the higher animal,
it is necessarv to distirnguish between the immediate minimum 1lethal
dose and the distent minimum lethal dose. By immediate minimum
lethal dose is meant the smallest dose which, injected into the
veins of the animals, immediately kills them, It was velieved
that regular curves could be outained, from which the immediate
minimum lethal dose could at once he calenlated, In f

described particular curves for some pharmaceuticals, in which,
starting from a minimal speed (very high lethal doseS, increasing
the speed a bit each successive time, an optimum speed could be
reached, which yielded the maximum toxicity (the lowest point of
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the curve). Starting from thic vaine, with the increanse of the
specd, the 1lethal dose incrrancd and the curve roce, That is

1o sav. that accordine to the Tirct exneriment of Himon, for

every‘wodicine there exicsted a single sneced which alloed Tor tne
certein deterainntion of the inmediate mirimum Jcthel dose,
Simon attributcd the clirht toxicity of the medicine with the
minimal speed to thc Tact that the introduction of verr small
Goses of the medicire at resulor intervels eave the orgaiicm a
chance to climinate it:; he interrreted the speed suitable for
attaining minimal toxicity as thnat which allowed the medicine 1o
becoine better anchored in the tissue cells and to exercice there
the most comvlete influence: he explained the decreased toiicity
which is obtrined when the sveed of the injectionr is increased
with the fact that there was being introduced into the organicnm a
quantity of the medicine greater than that which could in a unit:
of time reach the cells of the tiscues to exercise there its toxic
influence, so that a dose which actually was not able to act in
its entirety aprearcd to be toxic., Later rescarch of Simon (7)
and other authors (8) has denonctrated, detziling a2 great deal

in the ecstebhlishing of the curves, that instead of obtaininc~ thet
ideal curve described by Simon, there vere obtained rather others,
in which, relative to the sveed of the injection, the mini~a arc
several and not onlv one, and one can obtain several minime with
identical doses, but with various speeds, These curves agsunne

an importarce of the first order as regnrds the phrrmacological
study of the immediate effect of the medicine, and often succeed
in giving us a broad view of the extrerely comrlex mechanism throw: .
which the medicines injected into the veins cause death, If we }
wish to avoil ourselves of the- in order to compare the toxicity

of various medicines, they cannot of course lead to a resolution

of the problem, Therefore, these experiments, useful from a nurel:”
pharmacolomical wmoint of view, are incavable of telling us the
truth wvhen we wish to arrive at thevalues of their commarative
minimum lethal dosces,

For this reascrn, Simon provoses, and adopted in his Insti-
tute, a method for water-soluble medicines of determining the
distant toxicity via the intravenous injection in the higsnher =2ninal,
which consists of the intravenous injection into many animels,
at a constant and of itself harmless sveed, of increasing amounts
of solntion, always of the same concentration for any given medirine,
and piclking the smallest dose that kills the enimal at a certain
distance from the inicction. This is then the distant minimunm
lethel dose., After admninistrotion of the medicine, the aninelc
werc kept uncer observation so that tihe symovtomatolosryy could he
determined exnetly, One then vroce~ded to the autorsv of thorc
that diecd, and to the histiological exmmination of the orgens in
order to determine, wnen vocsible, the caure oi death., TFollowvinr
this method, many exvnceriments hove already been nperilormed in the
laboratory of Simon end a considerable amount of results has
already heen aciieved.

Using tnis melhod, T deternined the intravenously injected
minimun lethal dose of colceium chloride, calcium iactate, colcinm
gluconate and calcium pyruvate,
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EXPERIMENTS

. Conducted on 62 healthy rabbits, all coming from the
same litter, The animals were kevnt in the laboratory for some
days before being subjected to the exveriment., The solutions
to be injected were nrevared recently from salts whose ourity
was controlled., For every salt I used solutions of 0.5 N obtained
by weighing the exact anantity of salt added to the solution in
distilled water and in a tared balloon. For calcium gluconate,
since the solubi:ity of this substance at atmosvheric temnerature
is 3%, the salt was mixed in cold water, then immediately distri-
buted in a nhial and stabilized with nermanence in an autoclave
for an hour and a half, The solutions thus obtained were injected
into the marginal vein of the ear of rabbits at a sveed of 0.5 cc
per kg of body weight and fi rst minute. This speed was of itself
absolutely harmless., The injection finished, the animal was
vlaced in the care, fed, and vlaced under intensive observation,.
so that the smptomology could be watched until the animal died

or had apvarently recovered,
The results of the exreriments are shown in tables I,II,IIT,IV,

CRITICAL EXAMINMATION OF THE EYPRRIMENTS

The examirestion of table T shows that the distant minimum
lethal doses for the salts I studied are egual resvectively +to
0.0070 g per kg for calcium lactate, 0.0080 g for calcium chloride,
0.0130 g for calcium gluconate, and 0.0180 g far calcium pyruvate.
~ The results of direct observation, like those of the necro-
scopic and histological observations, are, for the animals injected
with the calcium salts I studied, basically equal, since the
differences consist only of the fact that some of the salts reveal
a more evident influence than the others on certain functions and
organs, Therefore, I will briefly summarize here the symptomato-
logical picture nresented by the animals treated with calcium lac-
tate, calcium chlioride, calcium gluconate and calcium nyruvate,
clarifying the rossible differences which were brought to my
attention,

a) We begin by examining the effects of the non-lethal doses.
These, especially if larger in comvarison with the theraneutic
doses, considerably modify the thermoregulation, the respiratory
function, the circulatory function, the diuresis, and the diameter

of the puvil of the eye,.

The animals bear the injection well and show no signs of
intolerance, and I never observed any mnhenomena of excitation;
on the other hand, a derressive action, more evident as the doses
increased, was always ascertainable,

During the injection and immediately after the injection,
for a period varying from one and one half hours to two hours
there is alwavs a miosis which reaches its maximum intensity 6ne
hour after the be,innag of the erveriment, and recedecs little bv
little until the pupil rcsume:s its normal diameter. I cannot
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Table I

CAT.CIUM CHI.ORIDE

Solution 0.5 N

1. 2o 3. 4., 5,
T e 2
] e
o $ ‘ s . Gr. eq. i |
S : S . . ..
£ Y l Data - 5 Esito dell'espericnza Osservazioni
Z; B S.= per Kg.
3 s /
T
1 |21 1 1930“ 1800 0,0025 a)opmvvi\'e. Mai nelle esperienze
2 8 VIl 1935! 1200 0,0040 » si notarono fenomeni
3 |21 1t 1936l 1950 | 0,0030 ’ . convulsivi. Negli ani-
, mali venuti a morte
¢ |1t v o 1220 | 0,0060 S
questa interveane per
5 19 VI1 1930 2000 0,0060 »
arresto del cuoie, se-
) G 12 Vit » 1840 0,0070 » guito subilo dopo ds
!‘ 7 [evie » 1450 0,0075 | ° > artesto d!l‘l‘f!pil’o.
Ho8 |16 XI v 1500 | 0,007 »
19 8 1193 1850 0,0075 »
b)
10 [20 X1 » 1430 0,0080 !muore dopo ore 2
1|8 v » 1150 | v,0080 | » » 22
12 123 Vi1 1935 1650 0,0080 » » U
13 (21 VL » 1450 0,0085 » » 19
14 l23val » 1480 0,0090 » » 24
15 laavil » 1420 | o,0000 | » > 26
% l;1 X » | 1600 | 00090 [ » » 1
17 123VID » 1700 0,0095 » » 32
18 17V » 1500 0,0100 » » 23
| 1o {akvie » | 1600 | oo1es | » &
Distant minimum lethal dore = 0.0080 £ rer kg
ey:

K
1.
4,

a) survives
b) dies after...hours

o convulsive ~he:.om~na vere e i
. . 1a vere ever noted in the exnerir
the animals that cied, ne exmominenta.

Nomber of exmeriment
= ontcome of exveri~ent S.= nhrervations

?2.—date

imrediately by resniratory nrrect,

2, - weirkt of rabbit in g,

death naenvred after carédiac arrect
. - — ,

followed
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Table II

CALCIUM LACTATE
Solution 0.5 N

l . 2 L 3 . t L 5 '}
=1 | = | —
R4
§§ D gy | O Esito dell'esperi ioni
E& ata e per Ke. tto dell’esperienza Osservazioni A
z ' |
s o | N
) e
1 |25 III 1930 1700 0,0025 a)sopruvvivu Mai nelle esperienze
g 126 N1 » 1800 0,0050 . si notarono fenomeni
: convulsivi. Negli ani-
3 g XI 1935 1250 0,0060 » "~ mali venuti a morte ;
ta int
¢ |14 1193 1:80 | 0,0060 > esla infervenne pur
. arresto del ¢ ore, sc- |
5 [10 XI 19356 1400 0,0060 » "guito subito dopo dn -
_ " | armesto de! tespiro.
6 (21 I 1936 1250 0,0065 »
7125 1II » 1100 0,0065 M
b)
8 7 XI 1935 1330 0,0070 |mwnore dopo ore 19
8 |27 11 » 1470 0,0070 » » 49
10 {30 VII » 1700 0,0080 » » 230
11 {30 VII » 1600 0,0080 » v 240
12 131 VII » 1900 0,0080 » » [lintez.
13 7 XI » 1430 0,0080 » » »
4 [29 VII » 1600 0,0090 » » 1
15 [29 VI » 1530 0,0095 » » 4.30
16 {20 VIT » 1670 0,0100 » » R

Distant minimum lethal fdose - 0,0070 & ner kg

For kev see tanhie T,
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Table III °

CAT.CTUM GLUCONATW
Solution 0.5 N

l ) 20 —‘ [ ) 4 ® 5 L]
e - 2 -
g o
g.2 “8 . Gr. eq. :
! g = . . . L
’g %_ » Data 3 ; per Ku. Esito dell’cspericnza Osservazion
Zo ! °
-8 J.. _— Qa' - . '
B ~ P
1t |25 I 193¢ 1350 0,0025 )lopra\‘vive Mai nelle esperienze
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2 (25 LI » 1560 0,0050 » .
convulsivi. Negli ani-
3 5 11 » 1450 0,0050 » mali venuti a morte
sta inter
4 111 XI1 1935] 1400 | 0,0080 » Questa infervenne pef

arresto del cuore, se-
5 | 2 1193] 1750 0,0100 » | guito subito dopo da

arresto del respiro.

6 |6 V » 1120 | 0,0100 »

7 {3 1 » 1400 | 0,0110 S

‘8 |4 1 » 1600 | 0,0125 >
b).

9 3 I » | 1420 0,0130 | muore dopo oie 10
10 {29 IV > 1050 0,0130 » » 24
11 |30 IV » 1150 0,0130 > » 24
12 l2r 1 » | 1550 | o0 | » s 5

13 (17T I » 1900 0,0135 » » liciez.

‘1 |16 1 » | 1640 | 0,0150 | muore dopo ore 15 ]

Distant minimum lethal dose = 0.M30 ¢ ner f. o8

For key see table I,
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CAT.CIUl PYRUVATE

Solution 0.5 N

te 2 O 4, 5.
. i
2.2 N & - Gr. eq. !
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Z »_,5 9 I
|3 e |
2 ) o ;
1 |27 III 1936 1750 0,0023 sopravvive Mai nelle esperienze
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' esto del respiro.
6 |28 1V 1936 1150 | 0,0100 > prresio & rape.
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"8 |11 1 » 1570 | 0,0150 »
9 {14 ¥ » | 1500 | 0,0175 »
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]
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12 |23 1 1900 | 0,0190 | » » - 48
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Distent minimum lethnal dore = 0,018) g ner kg

For ey see table I.
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whether the miosis is succeeded by a mydriasis, since the ob-
servations were made under varying conditions of light.

A1l the doses of the salts with which I exnerimented initially
produce a dron in the temperature, which is greater in proportim
with the increase of the dose; in the case of equimolecwular doses,
of the four salts, calcium gluconate and calcium chloride were
shown to be most active from this point of view, As a rule,
hypothermia is followed by hyperthermia; upon administration of
doses approaching the lethal, such hyperthermia is no longer
demonstrable,

The resmiratory function is modified by all the salts in
the sense that, as a rule, the rate of resniration decreases, some-
times notably, soretimes to a minor degree, but always evidently.
Only in the case of the smallest doses -- 0.0025 g and 0,0050 g
per kg -- was it imposcsible to demonstrate a decrease of this
rate for calcium gluconate and calcium oyruvate, Bradipnea was
generally followed by polyvonea, When the injected dose is suffi-
ciently high, breathing becomes particularly difficult: the ani-
mal puats its auxiliary muscles into nlay, and very loud rattling

and hissing can be heard,

As regards the nulse, all the salts nroduce modifications
in its rate and sometimes in its rhythm; as a rule, bradycardia
develops, followed in general by a tachycardia. In this regard
as well, calcium sluconate and calcium pgruvate at doses of 0,0025
and 0,0050 g were shown to have an indifferent effect on the
circulatory function, I always noted a certain parallelism between
the modifications of the heart and the resniration and those of
the pupil: that is, they all reach their maximum intensity about
one hour after the injection,

The diuresis is 21so considerablr modified, but not in the
same manner. br the varions salts ervamined, While calcium chloride,
calcium lectate and clacium gluconate ~roduce a decrease ( more
evident as the doses are increaced) of the volume of urine emitted
ir the 24 hours following the iniection, calcium nyruvate, also
adminis*tered in doses avvroachine the lethal, always allows an

ahunféant eliminntion of urine, The larrer doses often provoke
albuminuria, mosrt significant when calcinm lactate and calcium
chloride are 2dministered, but always temrorrry, Glycosuria was
never observed,

The animsals recover auickly, so that on the day following
the injection, no vparticuvlar sympntometology is found upon direct
examination,

b) ™The findings made on the anim~ls trerted with lethal
doses of the four calcium salts are the following: the animals
never chowv signs of intolerance, nor do anyv niienomena of motor
excitement apvear., The modificetiors of the nunil, those in the
respiratory anmaratus, the themoresul~tory modifications, and *hose
of the diuresis, are nualit~tiv~ly emurl *o those that can bve
observed when high doses of calcium 2re injected,

The drop in temperature, alwavs nntesble, is rarticularly
remarkable when calcium ¢luconate is iniected,

The diuresis is nore strongly iruibited by calcium chloride
and calcium lactate; with this latter snlt., complete anuria can
sometimes be verified, Albumiavria, most significantly induced
by calcium lactate, always accompanied the admiasistration of
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lethal doses of the salts I studied,

The general depressive action exercised by the lethal
doses of the studied salts is remarkable, Freed from their
cages, the animals struggle to resume their normal prone position
and behave as though in a state of torvor., If they are stimulated
until they are forced to move, their walk is troubled and uncertain.
The musculature avpears hyvotonic. Placed in their cages, the
animals constantlv refuse the food which is offered them, and
seem to be indifferent to their environment, With the advaiicement
of the effect of the roison, the muscular hyvotonia becomes more
nanifest: most intensely hypotonic are the flexor muscles in the
limbs, so that the animals assumes a characteristic vosition --
the head droovs inertly from its own weight, and the paws are
stretched out on the floor on which the animel lies, The reflexes,
though a little delayed, are present, and sensibility to pain is
retained. .

A progressive weakening of all the vital functions leads to
the death of the animal, occurring calmly, In general, the heart
stoprs first, while some respiratory movement may still persist.

With these lethal doses, however, we can notice a difference
between the animals injected with calcium chloride, calcium
lactate, and calcium pyruvate on the one hand, and those treated
with calcium gluconate on the other, In the case of the former,
the modifications in the thermoresulation, the nulse and the respi-
ration, after having touched uvon a miximum of i.tensity, generally
recede, so that it seems that the animals are turnine toward a
recovery of thel r hea th; the rate of resviration and pulse increace
again, until thev reach and sometimes surnass the vhyciological
value; the temverature, after havin~ reached a maximum of descent,
begins once again to rise, though remaining much below the normal
value., In other words, it seems thet the animal's powers of
" defensesare succeeding in nrevailineg over the violence of the
poison, After a nreriod varying from -8 to 72 hours, there occurs
once again a wealening of all the vital functions., The breath
becomes suverficial, the mlse wesk, and infrequent: the temvera-
ture descends nrngressivelv, The animal turns thus toward death,
which arrives c~lmlv, ,

However, in the rabrite that were injected with calcium
gluconate, this short-lived resumption nf the vital functions
could not te observed, Calcium glnconate either leads ranidly and
inexorably to death, or, whenever the animal succeeds in reacting
against the violence of the poison, the retnrn to normality ”
proceeds to comnlete recovery of health,

Autopsy and_histological examinetion, -- The autovsy,
undertaken immediately after the deatrol tne Animels, revealed:
strong congestion of the thoracic 2nd abdominal organs; distended
blood vessels full of liauid blood: subnlenral and subvneritoneal
hemorraghic suffusions, TFreonently, in tane animals that died a
certain distance from the iniecuion, subreritoneal hematomies
occunving the srace locat~d hetween the rectum a:d the bladder
could be detected.

I was unable to find any differe:ces in the effects of t e
four calcium salcs,
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c) Histological examination.-- The patches were withdrawn
immediately after the death of the animal and treated with opror-
tunely selected methods, Cuttings were executed with the con-
gealing microtome, coloration with hematoxylin eosin, hematoxylin
and Sudan IIT for the examination of fats., For the common preva-
rations, the anchorage was done using the method of Zenker, the
impaction in vnaraffin, tae coloration in hematoxylin-eosin; for
the connective tissues I used the coloration method of Van Gieson
and the trichromic method of Mallori; for the examination of the
fibrin I followed the method of Weigert; the adrenals were fixec
in potassium bichromate, imvacted in paraffin and colored with
the method of Wiesel; the brain was fixed in alcohol, impacted in
paraffin and colored with hematoxylin-eosin,

The results of the examinations are described below,

Encephalus. -- Cuttings in the bulb and cerebellum; vascular
congestion; nothing of note in the parenchymal tissue,

Thymus, -- Strongly congested both in the connective vessels
between the lobules and in the capillaries that penetrate the
parenchyma; no hemorrhages.

Thyroid. -- Of normal aspect, also as regards vasculariza-
tion,

Adrenal glands., -- Are revealed to be of normal asvect,
both in the cortical and medullary sections., The various layers
of the cortex are well-defined and very rich in livoids. There
is evident, as in the other organs, vascular congestioa, Nothing
of note in the central vein,

Heart. -- MNMothing of note concerning the endocardial membrane
and the epicardial serum,. The asvect of the cardiac muscle is
shown to be just about the same in all the levels, and shows
very strong congestion of the blood vessels, which have nearly
uriformly dilated walls and the membrane full of fresh, well-
conserved blood, Therefore, one has the imnression of a dilation
of both the major ard minor vesse & andé of the cavilleries,
Regressive phenomena in the cardiac mmnscle cell are absent,

Lung., -- Extensive vascular congestion both in the large
blood vessels and in the alveolar carilleries, Nothing abnormal
contained in the alveoles 2nd in the interior of the bronchi.

In the vprevarations nrevared with the common methods of coloration,
the wall of +he arterial vesrcels arnerrs to he slipghtly .
This can be referred to the hyrertrorhv of the tunica
musculeris, the colorations of Van Gieson_and Mallori having
demorstrated *he abserce of nhernmena of Tme vasal sclerosis,

Liver., -- Imvnosing vzsel congestion both of the larse and
fine capillary vessels, The evnithelial elements of the o;gan de-
monstrate no finaings worthy of note, The coloration with tae
method of XYeigert Tor the demonstration of the fibrin yielded a
negative outcome,
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Kidnevs, —-- Vascular congestion is evident in this organ
as well., With common coloration degenrative processes in the
parenchymal elements can sometimes be perceived; in the case of
coloration by means of Sudan III, however, no drops of fat were
ever observed .in the enithelial elements, for which the regressive
paenomena, taken into consideration the normal colorability of
the nucleus as well, can be limited to the dégeneration of albumin,

Svleen, -- Congested pulp: the follicles reveal normal
aspect and disposition, with slight variations in the different

animals,
Intestine, -~ Vascular congestion and dilation.

Preparing the prevarations of the zones infiltrated with
blood (see macroscovic examination) in a manner so as to involve
the various organs surrounded by the same hemorraghing, it was
ascertained that the vessels of the connective retro-peritoneal.
atea, 'like those of the area corresmonding to the retro-bladder
space are intensely dilated and full of blood; in there walls
can be noted long lesions from which the blood overflows in a
considerable amount, showing itself in some points to be well-
conserved, in others more or less altered and in the process of
coagulating, On the other hand, nothing of note was remarked in
the bladder wall, in that of the rectum, and in general in the
contexture of the organs surrounded by blood,

% 8% % %R

The results of the exveriments must be considered in relation
with the distant minimum lethal dose and the cause of death,

From the tables presented above, ' see that the scale of
toxicity for the four substances is as follows:

Salt Distant minimum lethal dose
’ in g per kg
Calcium lactate 0.0070
" chloride 0.0080
" Zluconate 0.0130
" pyruvate 0.0180

These results confirm those of Rothlin (2) only in that they
also demonstrate a greater toxiecity for calcium chloride as '
compared to calcium pluconate, but thev also demonstrate that
calcium gluconate is much more toxic than was shown in the experi-
ments of that author.

Besides this, they demonstrate that calcium lactate is
the most toxic of the four salts studied, 2nd that it is followed
in order, by calcium chloride. calcium glnuconate ard calcium ’
pyruvate, wnich last is without coubt the least dangerous Assuminge
that =1 is the distant minimum lethal dose of calcium 1ac%ate the
other distant minimum lethal doses assume the values shown béiOW:‘
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Calcivm lactate L =1
" ciloride =1,14
" glucouate =1,85
" pyrmivate =2.57

As rerards the tovicity of calecinm gluconate comnared to
that of calciwn ~hloride, my exneriments, thourh generrlly
confirmine Pnilin's af*irmation that calcium gluconate is lese
toxic than eralcinm crhloride, nlso show thet it is much more toxic
than this ~mthor Jinde, Tn fact, from my exreriments, taking
=1 2s the distart minimum lethal dose of caleinm chloride, the
corresnondineg fose of celejum elnconate turrs ont to he =1,62;
Rothlir, on the ntuer hand, finds in his research, making =1 the
minimum 1~thal fose of ralcinm chloride, thsat that of calcium
cluconate rises to 4,25, Th» s, wnile I siow that the distant
minimum lethal dose of calcium glunonate ie barelv one and one
he1f times tnrt of caleium chloride, be finds thet i+ is more than
four times or-n’~r, that is, thnt calcium eslucnnote is more than
four times lesr toxic than celcium chloride,

The discrernarcr is immediatelv explained when one observes
that in his experiments Rotniin used different sneeds of injection
for the two salte, while it is necessary that the speed be absolutelr
constant.

As concerns calcium lactate, Morton F., tiason =néd Harrv
Resnik (4) have observed that this salt, iniected into the
spine of does, is less tnxic than calecium chloride or calcium
rluconate, This contradictinon with what T fonrd canrot be explained
eesily, as the anthnrs dn not exnl=in the considerations on whrich
their assertions are based, limiting “hemselves to gavinge that
the suspension of lantete resulted, in resnect to the immediate
effects, in beins less taxie than *he solutions of calcium chloride

and calcium srluconate with an eannl motal conten*, On the other
hand, the authore alsn do not cnecifr the exact auantity of the
various salts which is necessarv +n nrnynte death,

If we now examine the mechnanism th»oursh whiech the ealcium
salts introduced into the veins indure denrth, we see that the
literature can illuminate verv little for us on this noint, since
the autnors are snvihing but comrardant in this regnard,

Dastre (9 obsgerved that in tie rnce n€ intravenous injections
of calciun chloride. the animple die n~ » resylt of extensive
intravasal coneestions and théwefore atiributes to the salt a
narticular toric effent which wes negated bv nl11 the anthors who
later worked on the esame guestion, ey rever ahserved the
finding described hy this antho-.

Delogn (1), injecting animals with celeivm chloride intra_
venously, observed that death accurred 'rith ~onvilsive actions
when the speed o the iniection was increased, vhile a clear de-
prescive effect leading tn +he death of the animals was constantly
anoarent,

Potiillin (2) was able to note +hat during the irjcctian of
crleium ralte, the rermiration ot €iret accelerated ard hecomn
furerficinl, thea preoming slower and deeprr. ‘he animal is
regtiesc: violert cloniecotnnic cramps wiin opisthotorus 0110w,
as well ne cegantipgn ~F b*esthlng and esnphthalmus, If the foce
is not lethal, the nAnimadls recouver gnicikly: if tne dare is letro’,
then they dir vron the first gtitnck of cramns or soon after, An
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a rule, a avick death occurs during a convulsive attack, 1T bolieyn
that in this case denth cnm bhe attributed above all to the excoseive
enced of the iniection, which agrees with the observation of

Nelosu, ,
“Iiebermarr (3), iniectinfecalcium gluconate into the veins of
dope vF winse carotid nreseure he had made a manometric tracinrr,

was able to observe tnrt death arrived gradually with a »rogresoive
abatement af *nr »recsure, In another work on the modifications

in the blood =reermre in dors injected uvith ecuimolecular doses

of ralecinm lactate snd a2lcinum giuconate, the same author able to
observe sometimes the nnforeseen death of the snimal, which he
internreted o= dne +o nremortal intravesal coaculation,

Morton ¥., Macon =nd ariv Resnik (4), introducire calcium
lactate, celcinm chloride and rplcium pluconate into the cisterna
of doss, maintaired that death occurred from resniratory mereslvsis.

From the nntes th=t T have renorted it can be seen that
the greatert nncertaintr exvists when i+ muet be decided through
what mechanism trr~ calcium introducec into the veins of the animals
nroducee death,

Trom the exmariments which T conducted svstematically on 62
animals we cen exclude the noseibility thet calcium, iniected
slowlv into the veins, ceuse convilsione: these nhenomena, as
Delogu showed, rarn he attributed to the sneed of the injection.

Intravasenler coarnlation n1so ec2n be excluded as a cause
of death., The autonsy performed immedirtely after the death of the
animal always revealed 1linuid blood in the vessels, and the
examination of the fibrin wes alwvave regrtive,

The histnlo~ical examinatior of the nrenarstions of the orgsans
of the animals thot died followinm tne iniection yielde no posnible
explanatior of the merhanism nf death, Jn fnet, the alterstions
consist escerticlly of an enorm i1 vasenlar conpestion, sometines
with the Tavture of small vese~la of come areas,

Interestin~ on the ntne1 hnna is +the rarrnw analogy, the
near identity of *he s:mntoms T Ffannd nnen inierting hich doses of
calcium at a cslow sneed and thore nhserved hv varinue authors
who bronrnt calcivm divectly intn contact with the nervous elements
in various wevs,

" Sabbatani (10), in nis clacnsic resesrch on caleium, chows
that this crtinr cdecnrihen a nadereting nffent an the tissnes,
Unon the Jocal annlicatior of A roleinm oot on the cortex, tae
medulla, the nerves r.d the museles, he nlwavs nocerved » .enomena
of devrescsion, while, on the other honcé, the gppliration of a
decalcifyvine respent, tricorinm citreote  2)woys nrodunced nhenormena
of excitatiorn, wvhirh h» internreted ac dues tn *he Fant that =eid
substance forms ~conmlex diors with ealciym and tarr~fore reduces
the calcium in the tissue tr tne stot A7 an ion, ~aemicelly 224
biologically active,

Roncoroni. (11) coniismed +tim veeuits in his Iretitntes +he
annijcation of srlte rrecinitatin~ cajcium nrto Tno cerebral
gortox_nrovokhd moﬁov actinr such agc myoclonia ~nc epil cpey ans
Ferrari (12), in nis tnuvm, obseyved the ~n~ fenreccive nnergrenn
hv iniecting calciv™ ‘nin the crrotid. i

Br means of *he direct arnlicaijcn of ealrinm n the in e -

-
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pulum of female cats, Demole noted ‘that the animals fell into
a more or less profound sleev (13). .

I.. Stern »nd &, Chvoles (14) introducing a solution of
calcium gluconate into The cerebral ventiricles of dogs, fognd _
that such an injection produced in general a temporary excitation,
which was followed in a few minutes by a complete loss of the
muscular tonus which terminated after fifteen minutes in a profound
narcosis with loss of reflexes, This state persisted for some
hours, after which the animal recovered little by little, Very
often however, the animel declined and ended by dying. The blood
pressure would begin to dron after a few minutes and around the
fifteenth to twentieth minute it was usually very low. The pulse
would become slower and wesker, *the hres+h slower and sunerficial.
Equal doses iniected into the circulus rad no effect., As a con-
sequence of these results, the authors ronclude that calcium has
a direct effect -m the centers situated in the ventricle walls,

Bun-ichi Hasama (15), injecting 2 mmg of calcium chloride
into the vicinitv of the cineritious tubercle of the female cat,
observed that the animals passed into a state of somnolence; the
pulse and the resnirationdiminished in rate; a decrease in tempera-
ture was also vrocuced,

The results of these experiments are truly interesting because
they demonstrate that the avplication of small amounts of calcium
to encenhalic centers is characterized by a symptomatology which
recalls that which I observed upon the injection of high doses of
calcium salts at low sveed via the intravenous route.

In summary, the results of my exmneriments lead me to exclude
the possibility that calcium salts administered intravenously at
a slow speed of injection vroduce death through intravascular coagu-
lation, and that the death occurs by means of convulsions, A rapid
drop of the temperature, o slowing cdown and progressive weakening
of the pulse and the resviration, an in:ense vascular congestion,
form the symptomatological victure presented by the animals intoxi-
cated with calcium: a symptomatolorical nicture that can be
summari-ed with the comprchensive tern of collapse. This collapse,
on the basis of the negative rerults of the anatomo-histological
examination, can only be atiributed to an intense, derressing effect
of calcium on the nervous centers,

CONCLUSTONS

1 -~ The distent ginimum lethal intravenous dose in the
rabbit is, according to Simon: 00,0070 g v~ k= of body weight for
calcium lactate: 0.0080 ¢ per k& for calciwm chloride; 0,0120 ~
pez kg for calcium ~luconate; 0.C189 « ver kg for calcium pyru-
vate,

2 -- These exneriments, besides nroviding us with data which
lend themselves to nrecise comparisons, are of value to the tnera-
pist in that they rectifv orinions which were not based on smre
exveriments, Ard wnile vp %o now it has been maintained that
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calcium gluconate is more +than four times less toxic than calcium
chloride, my reaearch shows that the difference in toxicity is
much less, ittle more than one and a half times. Thus it can be
easily understood how the abuse of this salt in therapy, founded
upon its presumed slight toxicity, was able often to produce
unexvected toxic phenomena,

The disturbances observed uvon the administration of calcium
lactate, which is the most toxic of the four salts, can also be
understood now,

%3 _~ The cause of death in the case of all four of the salts
studied is always a depressive action of the calcium cation on
the nervous centers; without doubt, this effect is ovpposed by the

anion to a degree which the actual exneriments cannot establich,
SUMMARY

The distant minimum lethal intravenous dose in the rabbit
is, according to Simon: 0.0070 g nerxeof body weight for calcium
lactate; 0.0080 £ per ke for calcium chloride; 0.0130¢ per kg for
calcium gluconate; 0.0180 1 per kg for calcium pyruvate. The
toxicity of calcium gluconate 18 shown by these experiments to
be much greater than what was hitherto believed, and thus explains
the toxic phenomena observed in the therapeutic use of this salt.
The czuse of death can be attributed to the depressive effect
nf the calcium cation on +he nervous centers.
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RICERCHE COMPARATIVE FRA ALCUNI SALI DI CALCIO
USATI IN TERAPIA

I. - Dose minima letale lontana per via endovenosa del cloruro,
lattato, gluconato, glucunato, piruvato di calcio. (*)

Dott. Ugo Baldaoci

(Dall’Istituto di Farmacologia ¢ di Terapia della R. Universita di Pisa,
Direttore Prof. 1. Simon)

L’introduzione della medicazione calcica in lerapia risale a dala
molto lontana ed ha preceduto nel tempu Jo studio farmacologico ¢ fisiolo-
logico del calcio.

Il successo ha in parte giustificalo il mudo di precedere empirico.
L'antica Maleria inedica € ricca di medicamenti a base di caleio: crano
usati principalmente gli ossi delle seppie, le conchiglie, i coralli, i quali
conlengono in quantity abbondante il carbonalo di calcio. Queste pre
parazioni, oggi cadute in disuso, suno state sostituile con i sali di caleio
che Pindustria furmaceslica prepara in forme numerose, cimentate larga-
mente nelle pia svariate malaltie. Tra i sali pia comunemente adoperali
in terapia sono il cloruro, il lattato, il piruvato ed il gluconato di cajcio,
sui quali si hanno numecrosissinme esperienze cliniche, ma poche espe:
rienze farmacologiche condolle con gud rigore scientifico ¢ con quella
precisione che ¢ necessaria in ricerche compuarative.

Ho percid infrapreso appunto una serie di ricerche comparative so-
pra questi quattro sali di calcio e prima di tutto ho creduto opportuno
determinare con un metodo esalto la tossicita di ciascuno di essi perche,
come vedremo, lc esperienze poco precise hanno condotlo a concetli ed
opinioni non rispondenti alla rcalld dei fatti. Le aotizie che si possono
raccoglicre dalla letleratura sull’argomcento sono infatti scarse ed insuf-
ficicnti, le poche dosi letlali che vengono riferite essendo state delermi-

(") Di questo lavoro fu falta wna comumicazione preventiva. V. Beollettino Sec. it. &
Biolozia. 1936. vee. 310.
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nate con procedimenti sperimenali che non ci permettono di coglicre
csaltamente la sintomatologia ¢ di fare un confronto tra le rispeltive
fossicila,

La questione pereid merita uno studio pia preciso. La conoscenza
della tossicita @ infalti altretinto indispensabile guanto quetia dellalli-
vita farmacologica ¢ terapeutica guando si voglia dare wn gindizio pre-
ciso sul valore di aleuni rimedi tra loro simili ed aventi Je stesse indica
zioni lerapeutiche, Consigliabile sara nella pratica uso i quel medi-
camento che unira ad un’alla altivita una bassa azione tossica.

Riporto succintamente le poche nolizie che ho potulo trovare in

argomento sfogliando Penorme letteratura sui sali di calcio.

DeLvsy (1), in aleunce ricerche sulla tossicitda comparata del calcio
nella serie animale, trovo che i conigli iniettali endovena con soluzione
i cloruro di caleio morivano, a sceonda della veloeita dellliniezione

wpsata, con dost che da gro 8,26 per Kg. (veloeitd di iniczione alta == co.
12,5 per Kg. ¢ per minuvlo primo) wrrivano fino a gr. 0,78 per Kg. (velo-
cili di iniczione bassa = c¢c. 2,79 per Kg. ¢ minulo prime). Dalle cspe-

rienze di DeLoay risulta che da micedia delle dosi minime letali immediate
¢ uguale a gr. 0,50 per Kg. di peso corporeo.

Rornnix (2) studiando la tossicila per via endovenosa di quattro sali
i caleio tra i guali il eloruro © gluconato, trovo che la media delle dosi
betali nei conigh era di gr. 0.20 per Kg. di animade per il cloruro ¢ di gr.
1.70 per i) gluconato.

Lizgiraany () in uno studio sui rapporti intercedenti tra Iazione
del gluconato di caleio ¢ dello seillaven B sollattivitd cardiaca ¢ sulla
pressione sanguigna, inictindo nelle vene dei cani una soluzione ¢i gha-
conato di calcio al 109 con Ta velocita di ¢e. 4 per Kg. ¢ minuto primo
paservo che, nelle condizioni sperimentali da dui prescelte, la dose Ietale
era uguale a g 0,185 + 57 di caleio per Kg. di peso corporeo.

Morrox ¥, Masox"¢ Harny Besxik (1) hanno tentato di determinare.
i del cloruro, lattio, gluconato di caleio inicttati nella cisterna

Ia lossi
tlei cani.

Essi trovarono che dosi di mg 0,25 di questi sali, somministraty per
questa via, non compromeftono b vita dellanimale; dosi di mg. 0,40
portano nel 80/ dei casi Panimale a morte in 3 o 6 ondi per pardisi
vespiraloria, Tra i sali proesi in esame 1] meno tossico rispetio agli effetti
pmediali Fisullo essere, a delta degli autori, il Tattato di ealeio.

Da queste nolizie non si pud invero trarre alcuna conclusione sicura
sulla tossicila poiche ghi esperimenti furono eseguili con tecniche cosi
poco precise che non permetono affallo confronti allendibili. Le cifre
che ho ripottale intatli rappresentane tulle una dose minima Jetale im-
mediala b guale forse ¢ la meno adatta guando si vogliano istituire con-
tronli tra la tossicita di aleuni farmaci,

Secondo Simox (3), infatli, quando si vuole delerminare nell” animale
superiore la dose minima letale per via endovenosa, bisogna distinguere

tra dose minima lelale immediata ¢ dose minima letule lontana. Per dose
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minima letale immediata s’inlende Ja dose pia piccola che iniéttata nelle
vene degli animali i uccide subilo. Si era creduto di poler ollenere delle
curve regolari dalle quali si potesse senz’altro calcolure la dose minima
Jetale immediala. Infalli Simox (6) aveva descritto per alcuni farmaci
delle curve particolari, nelle quali partendo da velocita minime (dose
jetale altissima), un po’ per volta, aumentando la velocita, si raggiungeva
wna velocita eptimum che dava la massima tossicita (punto pit basso della
curva). A partire da questo valore, col crescere della velocita, la dose le
lale cresceva e la curva saliva. Vale a dire, secondy queste prime ricerche
di S1M0x, per ogni farmaco esisteva una sola velocita la quale permeiteva
di fissare la dose minima Jetale immediata in modo sicuro. Simox atiri-
buiva la scarsa tossicita del farmaco colle velocita minime al fatto che
I'introduzione di dosi molte piceole del farmaco ncll’unita di tempo dava
modo all’organismo di eliminarle; interprefava la velocita atta a rag
ziungere la tossicita minima come quella che permetteva al farmaco di
1
altivita: spicgava la diminuila tossicita che si otteneva coll'aumento della

arsi meglio nelle cellule dei tessuli ¢ di esercilarvi fa pio completa

velocita dliniczione col fatto che s'introduceva nell’organismo nna quan-
Lla di farmuco superiore a quella che poleva nella unita di temipo rag-
giungere le cellule dei tessuti per csercituryi ta sua azione fossica, sicehé
figurava tossica una dose che reabmenle non aveva potuto agire \ulla in
tera, UHeriori ricerche di Stmox (7) slesso ¢ di altri AA, (%) hanno di-
mostralo che, dettaglinndo molto nello stabilire dette curve, invece di of-
tenere gquella curva ideale deserilta da Snox se ne ottengono invece alire

welle quali, o seconda della velocili dliniczione i minimi sono parceehi

¢ non uno solo, ¢ si possono avere auzi parcechi minimi con dosi iden-
liche, ma con velocila diverse, Queste curve assumono un’ importanza
di primo ordine per quello che rviguarda lo studio farmacologico del-
Iazione immediata dei farmach ¢ riescono spesso a darei una visivne
larga del meceanismo esirenzimente complesso ol guale i farmaei iniet-
tati nelle vene danno la morle. Se vogliamo giovarci di esse per paragonare
tra Joro le lossieitd di vari farmaci non pussono certo portarei alla riso-
Lazione del problema. Quindi queste ricerche, ulilissime dal punto di vi-
sha farmacologico puro, sono incapaci di direi La verith quando vogliamo
giungere in possesso di valori di dosi minime Jetali paragonabili fra loro,

Per questo Sivox per i farmaei solubili in acqua ha proposto cd
adoltate ned suo Istituto i] metodo della determinazione della tossicita
lontana per via endovenosa nellanimale superiore, il quule consiste nel
PinicHare in molti animali, per via endovenosa, con velocitd coslante e
per sé slessa inltdclm. volumi erescenmti i sotuzioni sempre della stessa
concenlrazione di un dato farmaco, cogliendo la pid piccola dose che
uccide un animale ad un certa distanza dalliniczione. Codesta & appunio
la dose minima lelale Jontana. Gli animali dopo la somminisirazione del
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farmaco vegono tenuli in osservazione in modo da poter rilevare esatta-
mente Ia sintomatologia. Si procede poi alllautopsia di quelli venuli a
morte od all’esame istologico degli organi per determinare, yquando & pos-
wibile, Ta causa della morte. Con questo metodo moelte ricerche furono gia
(seguite ned laboratorio di Sivox ed una cospicua messe di risultali fu

uid raccolla,
To con tale melodo ha determinate la dose minima lefale per via

cndovenosa del elorure, del latfato, del gluconalo, del piruvato di ealcio.

ESPERIENZE

Fureno eseguite su 62 conigli sani, provenienti futti dal medesimo
Aevinnento, Gh animali erano tenuti qualehe giorno nel laboratorio prima
di essere solloposti alPesperimento. Lo soluzioni da iniettare erano pre-
parate di recente dasali di cui fu controllala la purezza. Per ogni sale
o usato soluzioni 0,5 N olienule pesando Pesafta quantitd di sale che
veniva portato in soluzione in acqua distillata ed a volume in paluc
Lorato, Per it gluconato di caleio, poiche Ta solubilita di questo prodoito
« lemperatura ambiente ¢ del 3 57, il sale veniva sciolto in acqua calda, di-
stribnito poi immediatamente in fidde ¢ stabilizzato con Ia permanenza
in anteclave per un'ora e mezza. Le solozioni cosi oftenute erano inictiate
pelta vena marginate delPorecchio del coniglio con la veloeitd di ec. 0.5
prer Kg. di peso corporeo e minufo primo. Tale velocitia ¢ risultala essere
per sé stessa assolulimente innocua. Terminata Viniezione, Manimale ve
niva messo in gabbia, gli veniva somministeato il cibo ¢ si metleva sotlo
aitenta osservazione in modo da cogliere Ya sintomatologia fino quando
veniva @ morte o sioera apparentemente del lulfo ristabilito.

) visultali delle esperienze sono racentli noelte Tabelle |, 10, 1,0V,

ESAME CRITICO DELLE RICERCHE

Lresame dedle Tabelle dimostra ehe le dosi minime letali Jontane per
i quattro sali da me stadiadli sono rispeltivamente nguali a gro eq. per
Ky 00070 per il laftato di caleio, gro cq. 0.0080 per il cloraro, gr. eq. 0,0130
per b gluconalo, groeq. 00180 per il pirnvato di calcio.
a

1 visublati dell'osservazione diretla, come quelli dell’esame necrosco:

pico ed istologivo sonu, per ghi animali inietlali con i sali di caleio da

me studiati, fondamentalmente uguali poiché le differenze consistono so-

Lamente nel fatto che aleuni dei sali esplicano un’uzione pin evidente
¢eshi altri su determinate funzioni ed organi. Riassumo pereio qui breve:
mente il quadro sintomatologico presentale dagli animali traltati con
Jattate, cloruro. gluconato, piruvato di caleio, mettendo in Juce le cven-
tnali diferenze ehe sono apparse alla mia allenzione

o) Tneomineinmo ul esaminare gl effetti delle dosi non Jetali, Queste,

specialmente se elevate rispello alle terapeutiche, modificano in maniera
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TABELLA I

CLORURO DI CALCIO

Soluzione 0,5 N.

- ' 'o
§'§ ! Tga Gr. ‘ . .. -
E § Data T per Kq. Esito dell’esperienza Osservazioni
“3 | 3 |
4 Py b
1 |21 101936 1800 0,0025 sopravvive Mai nelle esperienze
2 | 8 viI 19357 1200 | 0,0040 » si nolarono fenomeni
s |21 101 1936 1950 | 0,0050 » convulsivi. Neghi ani-
mali venyli a morte
PO FTRR A 1220 | 0,0060 "
quesia infervenne per
5 |19 VI 1935 2000 90,0060 »
arresto del cuore, se-
6 {12VHL » | 1840 | 0,0070 » it subito dopo da
T OI6VID » 1450 | 0,0075 » arresto del respiro.
8 [16 X1 » 1500 | 0,0075 >
a | 8 11938] 180 | 0,0075 »
10 |20 X1 » 1430 0,0080 imuore dope ore 21
il BV » 1150 ©,0080 » » 22
12 25 V11 1935 1650 0,0080 » » 44
13 (24 VII » 1450 0,0085 » s 19
14 [23VID » 1480 0,0090 » » 24
15 lagvnl » | 120 | 00080 | » > 26
16 (21 X » 1600 0,090 » » T4
17 (¢S VE) » 1760 0,0095 » » 32
1w TVl 1500 | 00100 | » s 8
19 (18 VI » 1800 0,0125 » » [}

Dose minims letale lontana =

g ¢q. 0,0080 per Kg.




- 9§ —

TABELLA 1]

LATTATO DI CAILCIO

Soluzione 0,5 N.

{

g i . Gr. eq. ! i
5_ Data § E ! per Kg. Esito dell'esperienza Osservazioni
P i 8 - ‘} i
jhb _ J Q. | . i
1 25 11 1436 1700 | 0,0025 nopravvive l Mai nelle esperienze
, i si nolaronc fenomeni
2 28 111 1800 0,0050 » !
‘ * ‘ ! . convulsivi. Negli ani-
3 4 XI 1935 1250 0,0060 » ‘ mali venuti a morte
' ! ! .
| ta intery.
‘ , ]‘ ' ]936 1 Bo l “’m";o . | qursta \nlervenne per
] I arresto del ¢ ore, se-
310 X1e3s] 1400 0,0060 ‘! » . “guita subite dopo da
! L | areesto del Tespire.
6 'm o raes6| 1730 0,0065 | » |
| i
! !
TA20 M e 1100 0,0065 ! » ‘
‘ |
® TXIo1wgn 1330 0,0070  anore dopo ore 18 :
LY | » 70 0,0070 | > » 49
10 30 VIt » 1700 0,0080 . » » 230
i
nofso v o 1600 0,00R0 | » » 240
i
12 131 VII » 10 0, 6080 » » l'iniez
13 7 XI » 1430 0,080 . » »
4 |29 VIl » 1600 0,004%0 » » 7
1|29V s | 1530 | 0085 | » » 430
18 120 V11 » 1670 0,0100 » » R

Dose minima lotale lontana =— g «q. 0,0070 per Ky,
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TABELLA 111

GLUCONATO

DI CALCIO

Soluzione 0,5 N.

10

11

12

18

Y}

235

5

2

6

I ’2 ‘ | ! 1
Data \‘ 3 : Ks. ‘ Esito dell’esperienza g Ouervazionh
3 -
[ ' '
‘1
23 111 1936 1350 0,0025 ‘ sopravvive Mai nclle espesicnze
. ! si nolarono fenomeni
I » 1560 0,0050 » .
. convulsivi. Negli ani-
I » 1450 0,0060 » mali venuti & morte
11 X1I 1935| 1400 | 0,0080 » quests intervenne per
' arresto del cuore, se-
1 1956 1750 0,0100 » guite subito dopo ds
del o,
vV o» 1120 | 0,0100 » arreito del reipuo
1 » | 1400 | 0,010 »
1 » | 1600 | 00125 .
N o 1430 0,0130 | muore dopo oce 10
IV » 1050 0,0130 » » 24
IV » 1150 | 06,0130 » » A
I » 1550 0,0135 » » ]
1 » \ 1800 0,0135 » » liciez.
1 » \ 1640 0,0150 | muore dopo ore 16

Dose minima letale lontana -

g eq. 00130 per Kg.




TABELLA 1V

PIRUVATO DI CALCIO

Soluzione 0,5 N.
* 1
i.g 'U . Gr. eq

: §_ Data Esito dell’esperienza Owmervaziont

i

! ¢ Ppe! wom
3, 3§.s per Kg
! i a.
- .
i 1 |27 11 1836 1750 0,0025 sopravvive Mai nelle esperienze
A P 1700 0,0050 . & nolarono fenoment
i convulsivi. Negh ani-
3 |21 XII 1985( 1300 0,0080 » mali venuti a morte
Coa aexar 1620 | - 0,0090 » questa intervenne per
i arresto del cuore, se-

5 [27X11 o» 1400 0,0100 » guito subito dopo da |
i .
6 |2¢ IV 1936 1150 | 00100 » srresto del respiro.
i
I T S 1800 0,0125 »
? .
" $ 11 1 » 1570 0,0150 »
!
A B I S 1 1500 0,0175 »
210 (2% 1 » 2000 0,0180 | muvre dupo ure 82
I
; 11 14 1V » 1350 0,01%0 » » 15
T
12 (23 I 1900 0,0190 » » 18
|
i3 13 I » 1R00 0,0200 » » 19

Dosc minima letale Joatana = gr. eq. 0,0180 per Kg.
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sensibile la fernmoregolazione, la funzione respiratoria, quella cirenlato-
ria, la diuresi, i} diametro puapillare.

Gli animali sopporfano bene Piniczione ¢ non dianno segni di infol-
leranza e nai mi-€ capitato di osservare fenomeni di cecilazione;, coastan-
temente rilevabile fu invece un’azione depressiva, pio evidente con le
dosi pit alte.

Durante Piniezione ¢ subito dopo liniczione per un tempo che varia
'1 un'ora ¢ mezza a due ore si ha scmpre una miosi che raggiunge il
massimo detl’intensita un’ora dopo Pinizio dell’esperimento ¢ refiresdisce
u poco a poce fino a che Ja pupilla riprende il diamelro normule. Non
posso affermare se atla miosi succeda una midriasi, losservazione essendo
statu fatta in diverse condizioni di luce.

Tutte Yo dosi dei sali da me esperimentate producono inizialmentc un
abbassamento della temperatura, pin prefondo col ereseere della dose; per
dosi equimolecolari dei quattro sali il cloruro ed il gluconato di calcio
i sono mostrati piv atiivi da questo punto di visla. All'ipotermia di re-
sola segue ipertermia; con le dosi vicine alle letali tale iperiemia non ¢
pitt dimostrabile.

I.a funzione respiratoria viene modificata da tutti i sali nel senso
he viene diminuita di regola la frequenza de] respiro, talvolta nolevol
mente, talvolta inmisura minore, ma scmpre in modo evidente, Solamente
=on le dosi pia picole di gr. eq. 10,0025 ¢ 0,0050 per Ky, non & stalo pussi
Lile dimostrare per il piruvito ed il gluconato di caleio unu diminuzione
i tale frequenza. Alla bradipnea fa seguito in genere una polipnea.
Quitndo 1a dose inicltata ¢ sulficicntemente alta il respiro si fa allora par-
ticolarmente difficile: Panimale melle in ginoco i muscoli ausiliari o si
possono ascollare ronchi ¢ sibili fortissimi.

A earico del polso tulti i sali producons modificazioni della frequenza
¢ lalvolla del ritmo; si ha di regola ana bradicardia, cui segue in genere
una lachicardia. Anche da questo punto di vista il gluconato ed il pire-
valo di caleio alle dosi di gr. eq. 0,0025 ¢ 0,0050 si sono dimoslrati in-
difTerenti per Ja funzione circolatoria. Notai sempre un cerlo parallelismo
fra le modificazioni a carico del cuore ¢ del respire ¢ quelle della pu.
pilla: raggiungono ciot la massima intensité un’ora circa dopo Pinie
zione.

La diuresi ¢ anche sensibilinente modificata, ma non in nuniera ugoale
Cai diversi sali adoperati. Mentre il cloruro, il lattalo ed il gluconulo di
calcio producuno una diminuzione (pin cvidente col crescere delle dosi)
del volume di ovina ¢messa nelle 24 ore successive all’iniczione, il piru-
vato di calcio, anche se sumministrato in dosi vicine alle letali, per.
nefte sempre un'abbondante eliminazione di orina. Le dosi clevate pos.
sone provocare sovenle wlbuminuria, di maggior entila con lattato ¢
cloruro, ma scmpre passeggera. Non ¢ stata mai vsservala glicosuria,
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Gli animali si ristabiliscono rapidamente cosieché nel giorno succes-
sivo a quello delPiniczione non ¢ pia rilevabile all’esame diretto alcuna
narticolare sintomatologia.

DY 1 orilievi fatti sugli animali trallati con dosi letali dei quattro sali
di caleio sono i seguentic gl aninudi non mostrano mai segni di intolle.
ranza ne appaiono mai fenomeni di cecitamento motorio, Le modificazioni
della pupilla, quelle a carico dellapparato respiratorio, termoregolatore,
¢ Adela diuresi, sono gualitativamiente ugnah a guelle che si possono osser-
vare quando si inicttano alte dosi di ealeio.
L'abbassamento della temperatura, sempre notevole, ¢ particolarmenle
sppariscente quando sioinictta gluconate di calcio.
La diuresi ¢ pit fortemente inibita da] cloruro ¢ dal lattato col guale
wdtimo sale fadvelta fu riscontrata anuria complefa. L'albuminuria, di

maggior entita col laltato, ha sempre accompagnato o somminisirazione

di dosi Jetali dei sali da me studiati.

Appariscente ¢ Pazione depressiva generale esereitata dalle dosi I
Edi dei sali studiddic Liberati dalVapparecchio di contenzione, i conigli
stentano a riprendere o posizione prona normale ¢ sono come in uno
stato soporoso, Se siostimobmo fino a costeingerli a muoversi, Ia deam.
bulazione ¢ impaceiata ed incerta, La muscolalura appare ipotonica. Messi
in gabbia gli anbadi rifiutino costantemente i1 ¢ibo che Toro viene offerto
¢ sembrano ineditferenti all>aimbiente che i circonda. Cod progredire del-
Fazione del tossico Pipolonia dei museoli si fa pin muanifesta: mnggior:
menle ipotonici sono negli arti i museoli flessori, cosi che Panimale as-
stme una posizione caralferistica: la festa eade inerte per il suo peso
¢ Je zampe sono allungale ¢ distese sul piano su ewi giace Panimale, |
riflessiv sebhene an po’ tardi, sono presenti ¢ la sensibitita dolorifica ¢
conservata.,

Un progressivo indebolimento di talte Je funzioni vitali porla a morle
Fanimale, Ta quate sopravviene placidamente. In genere il cuore si ar.
resla per primo mentre ancora pud sassistere qualche movimento respi-
ratorio.

Con queste dosi Tetali perd si nofa una differenza tra gli animali
inicttati con cloruro, lattalo ¢ piruvato di caleio da un Jato, ¢ guelli trat.
tali con gluconato dalaltro. Nei primi le modificazioni a carico della
termoregolazione, del polso, del respiro, dopo aver toceato un massimo
dlintensith, in genere regrediscono cosiooche pareche gli animali si
avviino verso il vistabifimento della loro salule: 1a frequenza del respiro -
e de) polso avmentano di nuovo fino a raggiungere ¢ lalvolla superare
il valore fisinjogico; I temperatura, dopo aver ragginnio un massimo di
discesa, torna di nuovo a salive, pur nanlenendosi pareechio al disotto
deb detto valore, Sembra, in altre parole, ehe i poteri di difesa delani.

male riescano a prevalere sulla violenza del tossico. Dopo un tempo che
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oscilla da 38 a 72 ore si assisle nuovamente ad un indebolirsi di tutle le
funzioni-vitali, I} respiro si fa superficiale, il polso debole ¢ raro: la lem-
peralura discende progressivamente. L’animale si avvia cosi verso la
morte che sopravviene plucidamente.

Nei conigli invece cui & stato inietlalo il gluconato di caleio non €
slato possibile osservare tale cffimera ripresa delle funzioni vituh. n gha.
conato di caleio o conduce rapidamente ed inesorabilmente a morle, op-
pure, qualora animale riesea a reagire contro la violenza del tossico,

il ritorno verso la normalili proscgue lino al ristabilimento comphketo,

Autopsia ed esame istologico. - - L'autopsia, praticata subito dopo
Ja morte degl? animali ha dimostrato: forle congestione degli organi lo.
raciei od addominali; vasi venosi distesi ripieni di sangue fluido; suffu.
sioni emorrag iche sollopleuriche ¢ soltoperiioneali. Pi frequente negh
amimali veaa'i a morte ad una certa distanza dailiniezione & dato di os-
werva ¢ ematemi solloperitoneali occupanti o spazio sitaalo tra il retto
v la v oscica.

Non mi £ dato di rilevave differenze fra i qualiro sali di caleio,

) Exsame istologico. 1 pezzi furano prelevati immediatamente
dopo 'a meric delPanimale ¢ irallati con teeniche opportunamente seelle.
Furono eseguiti tagli al microtomo congelatore, colorazione con enalos.
silina cosina, con ematossilina ¢ Swdan 11 per In ricerca dei grassic Per
i preparali comuni il fssaggio venne fallo in Zexker, inclusione in pa-
raffina, la colurazione in ematossilinicosina; per il connettivo siricorse
e cotorazioae di Vax Guisox ¢ a quella bricromica del Marvont; per Ja
ciceven della fibrina ho segaito il metodo di WeiGewy; | surreni furono
fissali in bicromato potassico, inclusi in paraffina ¢ colorati con il metodo
di WiesEL; il cervello fu flssalo in alcool, incluso in paraffing, colorate
con cmatossilina-eosina.

I risullati delle ricerche sono qui sullo deseritti.

Encefalo. - - Tagli nel bulbo ¢ cervellello: congestione  vascolare;

niente di nulevole nel tessulo parenchimale.

Timo. - Forfemente congesto tanto nei vasi del connettivo fra i 1o-
buli come nei capillari cbe si addentrano nel piarenchima: mancano emor-
ragie.

Tirvide. — Di aspetto normale anche per quanto riguarda la vasco.
larizzazione.

Capsule surrenali, — - Si dimosirano di aspetto normale sia nella parte
corticale come nella midolare. T ovarii strati della corticale sono bene
delineuli ¢ molto ricehi di lipoidi. E evidenle, come negli altri orgaai, una
congestione vascolare. Niente di notevole alla vena centrale,
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Cunre. - Nulla di notevole per fa lamina endocardica e per la sicrosa
epicardica. Laspelln del muscolo cardiaco si presenla presso a poco
uguale in tulli gli strati e precisamente dimostra forfissima congestione

dei vasi sanguigni, che hanno pareli quasi uniformemente dilatate ¢ il

hune occupato da sangue freseo bene conservato, 8i ha quindi Pimpres.
sione di una dilitazione cosi dei vast maggiori come di quetli minori ¢
dei capillari. Sono assenti fenomeni regressivi nella cellola muscolare
cardiaca.

Polmone. - - Cospicua congeslione vascolare estesa cosi ai grossi vasi
venosi come ai capillari alveolari. Nessun abnorme contenuto negli al.
veoli e nell’interno dei bronehi. Nei preparati allestiti con le comuni
leeniche di colorazione ko parete dei vasi arleriosi appare leggermente
ispessita. Tale ispessimento ¢ da riferirsi ad ipertrofia dela tunica mu-
scolare, le colorazioni di Vax Giesox e del Manrow avendo dimostrato
wssenza di fenomeni di vera e propria sclerosi vasale.

et o

Fegato, - - Congestione vasale imponente tanto dei grossi eome dei
fini vasi capillari. Gli clementi epiteliali detPorgano non dimosirano re.
perti degni di nota. La colorazione col Weicert por la dimostrazione della

fibrina ha dato csito negativo.

Rene., La congestione vascolare ¢ evidenle anche in questo organo.
Can la colorazione comune talvolta sembra di scorgere processi degenera.
tivi negli elementi parenchimali; con la colovazione a mezzo del Sudan
i yerd non siosono riscontrale mai gocee di grasso negli clementi epi-
lelianli, per cui i fenomeni regressivi, tenuto conto anche della normale
colorabilita ded nucteo, debbono essere limilali alla degenerazione albu.
minosa.

Milza. - - Polpa congesta: i follicoli hanno aspetto ¢ disposizione nor-
mali con leggera diversita nei vari animali,

Intesting, -- Congestione ¢ dilalazione vascolare.

Alestendo i preparali nelle zone infilfrate da sangue (vedi esame ma-
croscopico) in modo da interessare i ovari organi circondati dall’'emor-
ragin slessa, siconstala ohe i vasi del connetlive retro-peritonale eome di
guelio corrispondente allo spazio retrovescicale sono forlemente dila-
1ali ¢ ripieni di sangue; nella loro parete si nolanu delle lesioni di con.
tinwo da cui il sungue dilaga in cospicua quantild, presentandosi in al.
cuni punti bene conservido, in allel pia o meno alterato ed in via di
coaguluzione. Niente di notevole si nuta inveee nella parete vescicale, in
quella rettale, ed in geaere nella compagine degli organi circondati dal
sangue,
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I risultati degli esperimenti debbono essere considerati per guello che
riguarda la dose minima letale lontana e la causa della merte.
Dalle tabelle su riporate risulta che la scala di ossicila per i guatiro

furmaci ¢ la seguente:

Dost minims lctale lontanas

Sale n gr. eq. per Kg.
lattato  di cidcio 0,0070
cloruro » > 0,0080
gluconalo » > 0,0130

piruvato » > 0,0180

Questi risultali confermano quelti di Rovanax (2) solinenle in eid
che damostraro anch’essi una pia clevala tossicila di clornro di caleio
rispetto al gleconato, ma dimosteano anche che il gluconate ¢ assai pia
tossico di queito che non risultasse dalle esperienxe di guesU’A,

Essi inoltve dimostrano ¢he il Jaltato ¢ il pili tossico fra i quallro
sali studiali e che ad esso segueno, nell’ordine, i cloruro. il gluconato, il
piravato, il quale risulta senza dubbio it meno dannoso. Facendo =1 la
dose minima Icetale lontana del Ldtato, Je abtre dosi minime letali infatti
assumono i valori qui solto riportali:

Lattato  di culcio =1

cloruro » > —= 1,14
gluconato » > — 1,85
piruvato » > = 2,57

Per quanto riguarda la tossicitd del gloconato di caleio rispeito al
cloruro, i miei esperimenti, pur confermando in linea generale quanio
dice Rornuax, che cio¢ il gluconata ¢ meno tossico del cloruro, ci mo-
struno che € assai piu tossico di quello che non rilenesse questo A, In-
fatli dai miei esperimenti, ponendo =1 la dose minima letale Jontana del
clorure, la dosc corrispondente del gluconalo risulta —= 1,62; Rornnx,
invece, nelle sue ricerche trova, fatta == 1 Ja dose minima letale di ¢loruro
di calcio, che guella di gluconato sale a 4,25, Vale a dire che mentre io
dimostro che la dose minima letale di gluconalo di calcio & appena una
volta ¢ mexzo quella del clorure, egli rileva che ¢ oltre guafiro volie
maygiore, cio¢ che il gluconato ¢ piv di quattro volle meno lossico del
clorure.

La discrepanza s'inlende subito quando si osservi che il Romiaxs nelle
sue esperienze usava coi due sali velocita di iniczione diverse mentre ¢
necessario che la velocita sia assolutamenle coslanle.
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Per quello che si riferisee al lalato di caleio Montox F., Masox e
Humy REsNik (4) hanno ossérvato che questo sale, inicllato nel rachide
dei cani, risulta meno tossico del cloruro ¢ del gluconato. Tale contrad-
Cizione con quanto io rilevai difficilmente Pud essere interpretata poiché
& AA. non riferiscono su quale considerazioni riposino tali loro asser-
zioni, Himilandosi @ dire che la sospensione di latlato di calcio ¢ risultata,
rispelto agli effetti innnediati, meno tossica delle soluzioni di clorure e
di glnconato di cileio ad uguale contenutn dj metallo. Daltea parte nep.
pure viene dai detti AAL precisala Pesalla quanlita dei diversi sali che
cecorre per provocare la morte.

Se ora andiamo a ricereare per quale meccanismo i sali di caleio
introdolti nelle vene producono la morte, vediamo ¢he poco su guesto
punte i pud iluminare fa lelteraturs, e opinioni degli AA. essendo a
tale riguardo ttaltro che concordi.

DasTHE (9) aveva osservato che per iniczioni endovenose di cloruro
di caleio gli animali morivapo per vaste coagulazioni intravasali ed attri-
buiva guindi al farimaco un’azione tossics particolare la quale fu negaa
i ulli gl AA. che in seguito Yavorarono sullargomento, i qudi mai os.
servarono il reperto descrilto dall’A.

DELoce (D) inicttundo endovena neghi animali cloruro di ealcio os.

servo che I morte avveniva con faft convalsivi quando la velocita di
iniezione era clevata, menire era costantemente palese una chiara azione
deprossiva Ju quale portava a morte sl animali,

Rutiiax €2) ¢bbe modo di notare che durante Piniczione di sali di
valeio i1 respive dapprima si accelers o siofa superticiale, diventa poi
)il lento ¢ it profondp. Linimale ¢ irrequicto: seguono violenti crampi
lonico clonici con opistolonn, arresti i respiro, esoftalmo. Se la dose
non & lefale gl animali sioristabiliscono rapidamente, se la dose & Jetale
allora essi vengono a morte nel primo allacco di crampi od in qualcuno
dei successivi. Di regola si ha uma morte rapida duranie un altacco con.
vulsiva. To penso ehe in questo caso la morte si debba altribuire sovra.
ttto alla cccessiva veloceila d’iniczione, ¢io che, del resto, si accorde-
rebbe con Posservagione di Devoev.
 Likmervass (3) inictlinndo nelle vene fino alla morte it gluconato di
caleio in cani coi prendeva il lracciato manometrico della pressione ca-

rotidea, poleva osservare che Ja morte sopravveniva gradualmente con un

progressivo abbassarsi della pressione. Lo stesso A.in un’allro lavoro sulle
modificazioni delu pressione Sanguigna in cani cui crano stale inicltate
dosi equimolecolari di laftato ¢ gluconato di calcio, cbbe tudvolta ad 0s.
servare Ja morte improvvisa dellranimale, ch’egli inlerpretd come dovuta
2 coagulazione intravasale premortale,

Morron F. Masox ¢ Hamey Ressik (D introducendo lattato, clorure
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e gluconato di ealcio nella cisterna dei cani soslennero ché la morle av-
veniva per paralisi respiratoria.

Dalle nolizie che ho riportato si pud rilevare che la piu grande in-
cerlezza esiste quando si debba decidere per quale meccanismo il calcio
introdotto nelle vene degli animali produca Ja morte.

Dalle mie csperienze condoite sislematicamente su 62 animali si puo
senz’aliro escludere che il calcio inietlalo lentamente nelle vere dia luogo
2 fatli convulsivi; guesti fenomens, come ha dimostralo DeLoGy, sono da
altribuirsi all’alta velocita d’iniezione.

Neppure la coagulazivne intravascolare pud essere chiamala in causa
come delerminante Ja morte. L'autopsia praticata subilo dopo la morte
dell’animale ha sempre dimostrato sangue fluido nei vasi e la ricerca
delta fibrina fu sempre negaliva.

L'esame istologico dei preparati degli organi degli animali venuti a
morte in seguito ad iniezione é mula per un'eventuale spiegazione del
meccanismo della morte, Le allerazioni infatli consistono essenzialmente
in una congestione vascolare ¢norme, lalvolta con rotlura di piccoli vasi
di qualche distrelto.

Interessante invece appare la strella unalogia, la quasi identita dej
sinlomi rilevati da me iniettando con velocita lenta alle dosi di calcio
¢ quelli osservali da vari AA. i quali hanno portato in varie maniere il
calcio direttamente a contatto degli elementi nervosi,

Sassaraxi (10) nelle sue classiche ricerche sul calcio dimostra che
questo catione spiega un'azione moderatrice sui tessuli. Con Papplica.
zione locale sulla corteccia, sul midollo, sui nervi, sui muscoli, di un
sale di calcio egli osservava sempre fenomeni di depressione mentre, al.
Fopposto, i'upp]icaziunc di un reattivo decalcificante, il citrato trisodico,
produceva sempre fenomeni i eccitazione, che interprelava come duvali
al fatto che il detto farmaco forma col caleio joni complessi ¢ sollrae
quindi al tessuti {1 calcio allo stato di jone, chimicamente ¢ biologica
nwnle attivo.

Roxconoxs nel suo Islituto (11) confermava i risultli: Papplicuzione
i sali precipitanti il caleio sulla corleceia cerebrale provocava azione
moloria conme la mioclonia e Vepilessia € Fengan, alla sua volta (12) os-
servava ghi slessi fenomeni depressivi iniettando il caleio nella carotide.

In scguito DEMoOLE mediante Pupplicazione direlta di calcio sull'in-
fundibolo dei gatti nold che questi cadevano in un sonno pia o meno
profondo (13).

L. Stenx e J. Cuvores (1), introducendo nei ventricoli verebrali di
cani una soluzione di glocunato di calcio, rilevavano che lale iniczione
produceva in gencrale una passeggera cccilazione, cui seguiva dopo
pochi minuti una perdita completa del tono muscolare ed uno stato di
larpore che lerminava «dopo quindici minuli in una narcosi profonda
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con perdita dei riflessi. Questo stato si prolungava qualche ora, dopo di
che Panimale si rimelteva poco a poco. Assai spessu pero 'animale depe.
riva e finiva per morire. La pressione sunguigna cominciava ad abbas-
sarsi dopo qualche minuto cd al quindicesimo-venlesimo minuto era in
genere mollo bassa. 11 polse diveniva pia lento ¢ pii debole, il respiro
pin lento e superficiale, Dosi uguali micllate nel circolo reslavano senza
cffello, In acgui‘lo a questi risultati gli AA. concludono per un effelto di.
retlo det ealeio sui centri situali nelle pareli ventricolari.

' Buxacin Hasaxa (13) inicllando in prossimila del tuber cincreo
dei gatti mongr. 2 di cloruro di calcio osservéd che gli animali cadevano
in uno stito di sonnolenza; il polso ed il respire diminuivano di fre.
quenza; si produceva una diminuzione della temperatura.

I risultati di gueste ricerche sono veramente interessanti perche di-
maosirano che Papplicazione di piccole quantita di calcio sui centri en-
cefalicd, ¢ caralierizzata da una sinlomalologia 1a quale richiama quella
da me osservata iniettando dosi clevate di sali di caleiv con piccole
velocita per via endovenosa.

Riassumendo, i risultati delle mie esperienze mi portano ad esclu.
dere che iosali di caleio sommnistrati per via endovenosa con lemta velo-
citd di iniezione, producano ln morte per coagulazione intravascolare ¢
che la morte avvenga in wezzo o tatls convalsive, Una rapida cadula della
temperatura, un ratlenlarsi ed indebolirsi progressivo del polso ¢ del re-
spire, una congestione vascobe inlensn é i qualre sintomatologico pre.
selato dughi animali intossicati coun caleing quadro sintonutologico che
siopuo riassumere col lernine comprensivo di collusso. Tale collasso, in
seguilo ai risultali negativi del'esaine anatomo.istologico, non puéd attri-
buirsi ¢he ad unazione clethiva, deprimente del calcio sopra i centri
nervosi.

CONCLUSIONI

1v La dose minima letale Jontana per via endovenosa secondo
Sivox ¢, el coniglios per il lattido di calcio dj gr. vq. 0,0070 per Kg. di
hiesu corporeo; per il cloruro di gr. eq. 10,0080 per Kg.; per il gluconate
digr.oeq. 0,000130 per Kg.; per il piravato di gr. eq. 0,00180 per kg,

29 - Queste esperienze, olire a fornire] dafi che si prestano a con-
franti precisi, sono preziose per il wrapista in quanto retlificano opi-
rioni non basale su esperimenti sicuri, E mentre finora sj riteneva che il
sluconate di caleio fosse ollre qualiro volte meno lossico del eloruro, Je
mic ricerche dimostrano che la difterenza di tussicita & moMe minore,
poco pig di una volla ¢ mezzo. Si comprende bene percio come Vabuso
di questo sale in Aerapia, fondato sulla sun presunta scarsa tossicita, ab-
bia: potulo produrre sovenle fenomeni lossici inaspetlati,

Fosi comprendono anche i disturbi osservidi con Ia sumministrazione

di Jattato di caleio, che ¢ i Piu lossico fra i qualiro sali.
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3% -~ La causa della morte per utli e qualtro i sali studiali & sempre
un’azione depressiva del catione caleio sui eentri nervosi alla guale si
oppone senza alcun dubbio anione in misura che Je attuali esperienze
non possono stabilire.

RIASSUNTO

La dose minima lelale lontana per via enduvenosa seconde Simox,
¢é nel coniglio: per il lutlate df cdcio = gr. eq. 0,8070 per Kg. corporeo,
per il cloruro di calcio = gr. eq. 0,0080 per Kg., per il gluconale gr.
0,0130 per Ky., per il piravate gr. eq. 0,0180 per Kg. La tossicita del glu-
cunalo di calcio risulla da queste esperienze assai pia elevala di guanio
finura si credesse e spiega i fenomeni tussici osservati nell'uso lerapeu-
tico di queslo sale. La cansa della morte si deve allribuire all’azione de-
pressiva del catione sui cenlri nervosi.
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Metabolic response of prematures to milk formulas with
different lactic acid isomers or citric acid

Ao Baveasrica, Carvex Conoe and A Ganoanr-Carag,
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teceived onLuly 300 HGY

When, some vears ago. Gonpyan ef al, [1] deseribed metabolic acidi--
in prematures receiving a milk acidified by laetic acid. it was livpothetieudiy
supposed that the acidosis could be due to the fact that the p

) 1somer 4
not metabolised.

Various clinical and hiochemical studiex carried out on commerciad milh -
acidified by lactic acid (OrreriNcer |20 HUNGrERLAND [3], VeEsterban [,
Bavrasrica |5 6]) showed that such milks did not cause elinically discern:
ible acidosis and that the acid-hase balance values remained within normal
limits. (EvIND | 7] encountered metaholic acidosis using racemic lactic acil,

The aim of this study is to examine the metaholic and clinical responses
of prematures fed various milk formulas with varving protein contents and
acidified with racemic acid, L(+) isomer, D(-—) isomer or a lurge wmount
of citric acid.

Material and methods

The study was made on 130 premature infants. all of whom were considered to fe
“normal” from the clinical point of view. without any signs of distress. The hiochemioal
investigations were carried out from the 12th dav of life when calory intake had reached
8 level of 120 cal. kg bodvweight day, it being considered that beforehand even the
normal premature infant may show considerable alterations in acid-hase halane,
such alterations being caused by his adaptation to his new surroundings.

A micro-Astrup apparatus. model Amei. was used to study the acid-base baloee
aud the values were caleulated with the new pH-Tog pC'0, nomogram tevi-ed by
SUAARD-ANDERSEN [8] in 1962,

Al the blood samples were taken from the heel. using heparinized eapitlary tubes,
A double determination was made in every case and the blood sumples were talars s
the sume time of day in order to avoid any possihle variations. The doable determma.
Lions were considered to be valid when the actual pH vabues or the pH values after
saturation of the samples. did not differ by more than 0.005,

In those cases in which the blood sample was taken whilst the infant was cranz
boudly, the double determination was not accepted. The analvsis was carned ont ot
once. after the sample had been shaken. A total of 600 double determinations were

Mide. the actual pH. pCO,. standard bicarbonate and base excess vidues heing eal.
culated,
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Table 1
Composition of the formulas used. in gf/100 ml

Pormla N X X40-- X+ X4 E X+ N+
racenic citric citric

Fut~ 3.4 1.4 14 1.4 1.4 1.3 1.4 3.4
Proteins 1.62 3.19 3.19 319 3.19 2.0 3.19 1.62
Lactose 7.34 4.43 443 4.43 4.43 3.8 4.43 7.34
Starch 0 Q 0 0 0 1.6 0 0
Prex, maltose 0 6.0 6.0 6.0 6.0 48 6.0 0
Mineral salts 0.2 Q.64 .64 0.64 0.64 0.6 0.64 0.2
Laeticacid 0 0 Q0.50— 05u+ O05R 05+ 0 1]
Citric acid 0 0 Q 0 Q 0 0.5 0.5
Calaris 68.25 68.8 68.8 68.8 68.8 66.Q 68.8 68.25
pH 6.65 6.71 4.98 5.1 4.9 4.6 4.8 4.1

‘

The 130 premature infants who served as the object of this study were fed S ditferer
types ot foods and the differences in the composition of these products are viven in
Table 1.

Al the subjects recularly received an equivalent of 1200 call ke bodyweight day feon
the ave of 12 davsirrespective of the product adininistered. The food was administered
by stormceh tubee oras a bott!e feedsa tatal of S feeds per day were siven. Vitonin €
daily intake wis G0 e ke

All the prematures received the nonsicidified formuala Nountilaced 12 davs, then the
followine dict<: formnda X 25 case~: formuba Nowith wf 4 laetie acid: 21 cases: for-
mulie N with i factic acid: 16 cases: formula Nowith racemie etio acid: 29 vases;
formube Iowith o4 laetic aecid obtaned by biolodical acudification: 21 cases: fors
ol Xowoth citrie actd s 16 cases: formula Nowith citrie acid: 22 cases.

Foach tnfant received the diet tor 12 davs during swhich time foar determinations of
the acid-bo~ halanee were takon: the first whilst the inbant was <ull reeciving for-
mube Nowithout Buctie avid: on the snne day e was transferred to one of the exper-
yent b seadited formmdas and the acid-buse balaner was taken on the 4th, Sthoand
12 davs o this diet,

Thie p(=) lacris acid nsci s the one produced by Ky owa Hakko Kogevo (.l;lp:m)
al 529, of whi b Ty was the —i form. A 309, ni—1 Letie acid free avid from the
Stlgma Civani b Can St Lontis, was aldso used,

8O Y, rwecnue Lectie aeid was obtained fronn Koze Chemicadd Waorks, Copenbianeen and
L(+) bactic acid from Bochrinzee Sobns ingellwim. The Chemische Fabrih Schweizeg-
hall, Basell sappiied thee citrie acid deawd free,

The omounts of cadories. proteins, lgoid and acid Ladministered per ke bod vweigd
day with these diets were as follows: see Tal 2,

Uritaey eliminaon of orcanic actds was studicd only in the boys of cach croup by
twoditensionsd chiroratorraphy. The urine samples for 28 howere collected and put
a refriceror until analvsis. Finadly o 75 prematures were chosen and four determina-
fions were rade oneach of them, the tiest wt the beginnping of the experiment winlst
they were still receiving tae acid free NoFormul (ssmple ne i then on the Sth and
P2th vy ot the dier contianing the dilferent Detie angd citre acids cavmples fnos. 2
and 3 Che aciditied midk diet woas <topped after 12 davs and the Formunba Nodiet res
siven fora period of 10 davs after woneh the tinal determination of chiminated oreame

actds was mude ccample no 4,
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Table 2

Calories Caloriex Liguid Proteins TA*
o, from em?® g mba/kye
proteins
IFormula N 120 0.7 175 284 (X3
Formula X 120 X0 ] 1.35
Formula X with n{—) 120 189 171 037
Formula X with n.(4) 124 [RRY 171 ; N
Formula X with rweemic 120 159 171 5.0 915
Formula E 126 17.0 175 5.0 B
Forpda X with citric 120 Is.0 174 ; 100651
Formula N with citrie 120 Hn 175 254 1062

*TA = Titrable acid expressed in mEyg ke day abt rined by titratine the milk to
nd point pH 7.4 using the radiometer automatic tityvor T 1.

The Noroyan and Noroyas [910] methad of twodimensions| chromatography
wad used with azalvent of aleohialammoniawater 20022575 and encalvptolf/ propanol
formic acid/water 2000200050018 Orzine acids were identiticd By comporison with
internat standards sand stadyving the . Huoreseenee and colonr in front of varions

dve solutions. Acridine and hramocresal sreen were senerally nsed as dves and either
p-aminobenzoie abdehyvde odised starch, silver pitrote, p-iteemiline or sulphanilic
acid as develop reagents,

When the chromatoveam <howed abinornmial pattern, ketanie acids in the <ame urine
simples was measured using the Cyvvnisy and Frosrans FET=13] method to detect
the possible presence of p-byvdronvphenvi-pyruvie acid. One-dimensional chromato-
graphy with the following two solvents was used:
no 1: amyvlic alcaliolfth~olute aleaholAvater satarmted Cpn- o
<o detect ketocdasarie acid run in the sane

no 2: butanoldthanol/water Hon25
direction.

We studied the phenolic acid elimination by the Avvisteosg (D H| method adaptid
to one-dimeasional chiromatocraphy using benzene/prapionie coid/warer 20014000
as ~olvent. Results wers interpreted by internal stindards and spocitic dev, fopers 1o
confirm the existence of pelivdrony phienybbvctie and pdocdiosy phenylaeetio acids.,

When o rise in phenolic acid excretio